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ABSTRACT
The effect of pouch films with oxygen scavengers (OSs) and modified atmosphere
on hot-filled Freestone Peach puree quality indices, such as colorimetric parameters (L*,
a*, b*, ∆E*, Chroma, and hue), browning index (absorbance at 420 nm), soluble solids
content (SSC, Brix), pH, and titratable acidity (TA, % acid as Malic), were evaluated
throughout 21-week accelerated storage at 35C/50% RH. Three multilayer pouch films,
ultra-high-barrier with an OS (UHB-OS), ultra-high-barrier without an OS (UHB), and
inorganic-barrier with OSs (IB-OS); and two internal atmospheric conditions (ambient air
and nitrogen) were combined to produce six variable samples. Significant differences (p <
0.05) in color values, L* (lightness), a* (redness), b* (yellowness) and Chroma (saturation)
were only found between films, but not atmospheres. By the end of storage, ∆E* (total
color difference) showed significant differences between films where Film UHB-OS
showed the relative lowest color change (∆E*=3.35c) followed by Film IB-OS (∆E*=3.88b)
and then Film UHB (∆E*=6.73a). Although, based on trend line slopes of ∆L*, prediction
of shelf life determined the most effective film as Film IB-OS (92 weeks), followed by
Film UHB-OS (79 weeks) and Film UHB (53 weeks). Nitrogen had a lower ∆E* for the
first 5 weeks, after which, color protection was based on film type, and nitrogen resulted
in a lower hue and browning index throughout storage compared to ambient air
demonstrating a protective effect. Suggested sucrose hydrolysis contributed reducing
sugars for browning and increased SSC. Inconclusive results were found among pH and
titratable acidity. This study demonstrated that OS films significantly extended peach puree
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shelf life were comparable to each other as well as nitrogen showed beneficial results over
ambient air indicating prevention of oxygen-based degradative reactions.
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CHAPTER ONE
INTRODUCTION
Advances in multilayer pouch manufacturing and materials have resulted in
transparent films with high oxygen barrier capability, including inorganic barrier coatings,
and other layers incorporating oxygen scavenging (OS) additives. These evolved films
allow for the removal of aluminum in multilayer films that has often been used for its
superior barrier qualities and can be heat resistant to pasteurization and sterilization
processes (Gaikwad, Singh, & Lee, 2018; Selke & Culter, 2016). OS materials can now
provide a transparent structure that provides an attractive advantage for visualization of the
packaged food product for attractive consumer marketing.
Incorporation of the surrounding ambient air occurs while filling food into the
package. To further assist these high oxygen barrier and OS films, a modified atmosphere
can be flushed through the product or package during filling prior to hermetically sealing
the package. This is referred to as active modified atmosphere packaging (MAP) and can
extend product shelf life by a factor of 2 to 10 times as long by decreasing initial oxygen
concentration within the package (Institute of Packaging Professionals [IoPP], 2014).
While MAP can reduce interior oxygen concentration down to 0.5 to 2% by volume, OSs
can further reduce concentrations to less than 0.1% and as low as 4 to 10 ppm (Dey &
Neogi, 2019; Selke & Culter, 2016).
Peaches may be considered a multifunctional, nutritious food containing a rich
source of colorful, oxygen-sensitive nutrients, including carotenoids, anthocyanins, and
polyphenols (Lavelli, Pompei, & Casadei, 2008; Minas, Tanou, & Molassiotis, 2018;
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Oliveira, Coelho, Alexandre, Gomes, Almeida, & Pintado, 2015). Peach appearance and
textural attributes are the main factors in the retail market where consumers are attracted
to whole peach fruit based on fruit size, color, and firmness (Cirilli, Bassi, & Ciacciulli,
2016). Imperfect peaches can be converted into other formats, such as halves, slices, dices,
or puree, where the lowest quality fruit is often pureed for application as an ingredient in
smoothies, desserts, baby food, and beverages. Nutritional value may be positively or
negatively affected by fruit processing and storage resulting in higher nutrient
susceptibility to color deterioration and browning of those nutrients (Oliveira, Coelho,
Alexandre, Gomes, Almeida, & Pintado, 2015). Therefore, there have been several studies
to improve and maintain quality of pasteurized peach puree throughout storage by using
MAP, innovative processing techniques, and various pH levels (Lavelli, Pompei, &
Casadei, 2008; Oliveira, Coelho, Alexandre, Gomes, Almeida, & Pintado, 2015; Oliveira,
Gomes, Alexandre, Almeida, & Pintado, 2014).
Fresh-market and processing peach quality parameters consistently used by
researchers are color measured by hue angle (h), pH, acidity, soluble solids content (SSC),
and SSC/acid ratio (Gonzalez, Mauromoustakos, Prokakis, & Aselage, 1992). These
quantitative factors highlight the visual and flavor profiles of the peach. Importantly, the
main factor limiting the shelf life of fruit is browning, which reduces the appearance of
quality and produces a negative perception to consumers. Prevention of color degradation
and browning is a main concern during processing and storage of fruit. Browning of
peaches can occur through enzymatic or non-enzymatic browning (NEB) reactions (Terefe,
Buckow, & Versteeg, 2014). Oxygen molecules are involved in enzymatic browning, color
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deterioration, and loss of nutritional and organoleptic properties in sensitive products like
peach puree that consequently undergo thermal processing for shelf stability (Lavelli,
Pompei, & Casadei, 2008; Liu, Cao, Qi, & Yang, 2015). One main goal of thermal
processing is to inactivate enzymes related to these degradative reactions as it is the most
cost-effective method for fruit processing (Terefe, Buckow, & Versteeg, 2014).
NEB reaction pathways include Maillard browning, caramelization, and oxidation
of ascorbic acid due to heat treatments (Cámara, Matallana, Sánchez-Mata, Lillo Ayué, &
Labra, 2003). However, ascorbic acid is not only added to peach puree for inhibition of
enzymatic oxidation prior to thermal processing but also for synergistically acting as an
oxygen scavenger to protect oxygen-sensitive nutrients to extend shelf life. During storage,
NEB and carotenoid degradation related reactions are most commonly responsible for
change color of peach puree (Ávila & Silva, 1999; Garza, Ibarz, Pagan, & Giner, 1999;
Saura, Vegara, Martí, Valero, & Laencina 2017). The color of peach puree determines
overall quality in reference to nutrition and sensory characteristics of colored compounds
that are sensitive to oxygen-related degradation, such as carotenoids and anthocyanins
(Lavelli, Pompei, & Casadei, 2008). Thus, limiting the presence and effect of oxygen, can
prevent these deleterious reactions that shorten shelf life.
Therefore, the aim of this study was to compare the performance of transparent,
high-barrier films in combination with nitrogen flushing and OSs for hot-filled peach puree
during 21-week storage. Investigation of visual quality and physicochemical properties of
the peach puree included colorimetric parameters (L*, a*, b*, ∆E*, Chroma, and hue),
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SSC (Brix), pH, TA (Malic Acid %), and non-enzymatic browning absorbance at 420 nm
(Maillard browning).
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CHAPTER TWO
REVIEW OF LITERATURE
2.1. Food Packaging
Packaging serves as the protection, containment, communication, marketing, and
convenience for a food product that directly impacts the consumer-product relationship.
One of the main purposes of food packaging films has been to protect food products from
environmental factors, such as deteriorative reactions caused by oxygen (Byun, Bae, &
Whiteside, 2012). Food packages often fall into the category of closed package systems
that require multilayer film structures composed of high-barrier films to minimize the
permeation of gases and liquids between the package and environment. Active packaging
components, such as oxygen scavengers, can be incorporated into the package as sachets,
stickers, or imbedded into the polymer matrix of the packaging film or container itself
(Charles, Sanchez, & Gontard, 2006). Oxygen scavengers (OS) are used to actively react
with oxygen molecules permeating through a film via oxidation reactions with scavenger
molecules (Gaikwad, Singh, & Lee, 2018). While modified atmosphere packaging (MAP)
or vacuum packaging can reduce interior oxygen concentration down to 0.5 to 2% by
volume, OSs can further reduce concentrations to less than 0.1% (4 to 10 ppm) (Dey &
Neogi, 2019; Selke & Culter, 2016). In addition, ideal gas mixtures and packaging
properties must suit the correct food product to achieve the most efficient food package
system (Blakistone & Blakistone, 1998).
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2.1.1 Multilayer Films
Multilayer film structures are composed of multiple layers of plastic polymers
manufactured through laminations, coatings, and/or coextrusions. Laminations require
multiple manufactured substrates or webs that are bonded together. This requires multiple
steps in handling of materials, making them more expensive to manufacture. On the other
hand, coextrusions may be produced in a single step by extruding multiple layers of resin
at once into a multilayer film, thereby reducing costs (Selke & Culter, 2016). Single layer
films allow for a semi-barrier and produce a package with properties of that single film.
Meanwhile, multilayer films are used for their high barrier properties, among others.
Several films are bonded together via adhesive lamination or coextrusion to form a layered
structure with combined film properties. Common materials used in multilayer films
include polypropylene (PP), ethylene-vinyl alcohol (EVOH), polyethylene terephthalate
(PET), and various types of nylon films (Costa, Lucera, Mastromatteo, Conte, & Del
Nobile, 2010). These varieties of multilayer structures are constructed using commodity
plastics, engineering plastics, and even composites, for instance, ceramics as inorganic
coatings (Selke & Culter, 2016).
Commodity plastics are those highly used in the packaging industry including PE,
PP, polystyrene (PS), and polyvinyl chloride (PVC). In contrast, engineering plastics are
less frequently used, such as nylon, polyesters, and polycarbonate; however, the large
usage of PET has caused this engineering plastic to become a commodity plastic.
Engineering polymers are useful in thermal processing because they often maintain their
mechanical properties above 100C (Selke & Culter, 2016). Inorganic coatings may also
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be applied to base films such as PET, PP, PS, and polyamides to improve barrier properties.
Silicon oxide (SiOx), aluminum oxide, and combinations of SiO and magnesium oxide
have been used as inorganic coatings and deposited on films. SiOx is a glass-like material
deposited as a thin layer, which keeps mechanical properties nearly unchanged; however,
it imparts a slight yellowish color to the film, although it is relatively unnoticeable the
thinner it is applied (Selke & Culter, 2016).

2.1.2 Barrier Properties
Flexible packaging films are economically efficient in terms of material, space, and
versatility compared to rigid and semi-rigid packaging materials. However, their
disadvantages include inconveniences in opening and reclosing as well as their lack of
strength (Selke & Culter, 2016). Another disadvantage of their polymeric nature is a higher
permeability compared to metal cans and glass jars utilized in thermal processing. Highbarrier polymers used in flexible packaging have low permeability to substances, also
known as permeants or penetrants, due to their resistance to sorption and diffusion. These
substances include molecules of gases, vapors, and other low molecular weight compounds
that can dissolve into and diffuse through polymers. If a permeant cannot enter the polymer
or travel through it, then this constitutes a perfect barrier. Permeability is affected by
polymer and permeant chemical composition, polymer morphology, temperature, glass
transition temperature (Tg), and the inclusion of plasticizers and fillers in the material
(Selke & Culter, 2016).
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Packaging interactions with products during their shelf life involve permeation,
migration, and sorption in the mass transfer of permeants and subsequent molecular
interactions. Permeants are driven to reach thermodynamic equilibrium where high
concentrations physically move toward lower concentrations, called chemical potential.
Any liquids or gases in contact with the package surface will be driven to equilibrate in
their surroundings. Therefore, sorption occurs where a high concentration of permeants
may permeate into and diffuse throughout the polymer material. Then, permeants may
cross the interface of the material, between materials in multilayer structures, or into the
package, called desorption, to react with the food or product where there is a low
concentration as depicted in Figure 2.1.2 (Selke & Culter, 2016).

Figure 2.1.2. Sorption, diffusion, and desorption processes across a plastic film wall
(Selke & Cutler, 2016).
Mass transfer phenomena occur between the package and environment, food and
package, food and surrounding, or within the food product itself. Deleterious effects on
packaged food from these interactions include moisture loss or gain, oxygen ingress, flavor
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loss, off-odor absorption, and migration of compounds from packaging into the food during
storage (Matche, Sreekumar, & Raj, 2011). The ability for gas to diffuse across a film is
determined by its structure, thickness, area, gradient concentrations, temperature,
concentrations across the film, and differences in pressure across the film (Gholizadeh,
Razavi, & Mousavi, 2007).
Plastic films consist of polymers, which are macromolecules with repeating,
individual units called monomers. These units are linked together by covalent bonds
through addition or condensation reactions to create long chains. Specific types of
monomers are used to produce commodity plastics and engineering plastics. Carbon chains
can be formed by carbons bonded to other carbons, atoms, or radicals (Callister &
Rethwisch, 2010). Polymer structure and temperature directly relate to the spatial
arrangement of atoms and the availability of space between these atoms, known as free
volume. As temperature increases, the vibration of atoms increases. This causes atoms to
occupy more space resulting in thermal expansion. When amorphous polymers are below
their Tg, the free volume between atoms and molecular chains remains fairly static. As the
temperature increases above Tg, the free volume is in a dynamic state as polymer chains
acquire enough energy for motion, known as long range segmental motion, and permeants
can move more easily within a specific plastic material (Selke & Culter, 2016). Crystalline
and amorphous regions of polymer chains coexist in semi-crystalline polymers. Crystalline
regions are made of chain-folded structures, called lamellae, that are lower in free volume
than the amorphous regions, so the ability for molecules to travel through crystals decreases
significantly (Callister & Rethwisch, 2010; Selke & Culter, 2016). Thus, mass transport of
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permeants occurs through the amorphous regions. In addition, increasing polarity,
hydrogen bonding, crystallinity, higher chain stiffness, and crosslinks reduce the ability of
polymer chain motion.
Polymeric materials may also be oriented in one direction, uniaxially or
monoaxially oriented, or in two directions, biaxially oriented, by stretching the crystallites
and amorphous regions into a more orderly morphology. This process of orientation also
increases the crystallinity of the material to improve barrier properties. This results in a
decrease in permeability due to the reduction in molecular mobility (Selke & Culter, 2016).
However, they tend to deform when above their Tg due to stress from stretched polymer
chains during the orientation process. In order to produce thermally stable oriented films,
a heat-setting process can be done to produce oriented PET and PP film for hot-fill
applications. This process begins with a tentering process to orient the film, monoaxially
or biaxially, followed by an annealing step to improve thermal stability of the film.
Annealing is completed by holding the material at an elevated temperature for a period of
time while tension is maintained. During this time, thermally induced crystallites form and
amorphous regions rearrange allowing for thermal stress relaxation. The heat-set film is
then cooled to maintain the orientation after the tentering tension is released (Selke &
Culter, 2016).

2.1.3 Oxygen Scavenging Systems
OS films are specialty products in the current market that prioritize the use of lowpermeability polymeric films produced from different commodity plastics, such as
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polyethylene (PE), low-density polyethylene (LDPE), very low-density polyethylene
(VLDPE), ultra-low-density polyethylene (ULDPE), high-density polyethylene (HDPE),
and polyethylene terephthalate (PET) (Gaikwad, Singh, & Lee, 2018). OSs within a
polymeric material are used to actively react with oxygen molecules permeating through
the packaging film by oxidation reactions with the scavenger molecules. OS systems are
based on the principle where oxygen reacts with any oxidizing substrate to activate it
(Gaikwad, Singh, & Lee, 2018). Oxygen free radicals are produced through the activation
of oxygen by transition metals into the singlet electron state and then reduced to reactive
oxygen species, or an oxygen free radical. Free radical scavengers, such as alphatocopherol, donate electrons to free radicals causing them to return to their ground state,
thereby eliminating the oxygen free radical. This reaction significantly reduces oxygen
permeation and helps remove oxygen from the headspace of a package (Byun, Darby,
Cooksey, Dawson, & Whiteside, 2011). Through these reactions, OSs are used up and
therefore possess a finite capacity to actively scavenge oxygen molecules.
Additives used are often metal oxidizable components, oxidation promoters, and
sometimes fillers. Oxygen-absorbing plastics can also be polymerized by using oxygenabsorbing monomers to be incorporated within the polymer structure (Selke & Culter,
2016). Different types of OS systems include metallic, organic, inorganic, polymer-based,
and enzyme-based agents (Gaikwad, Singh, & Lee, 2018). Some companies that have
commercialized OS systems using these agents is presented in Table 2.1.3.
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Table 2.1.3. Commercial oxygen scavenging package applications (Cooksey, 2002; Dey
& Neogi, 2019; Gaikwad, Singh, & Lee, 2018; Selke & Culter, 2016).
Manufacturer

Commercial Name

Scavenging Form

Product Form

Aptar CSP Technologies

Activ-Film

UV activated scavenger

Film

Sorbead India

Activ-Films™

Iron based

Plastic film

CSP Technologies

Active-Films®

UV radiation

Plastic film

Mitsubishi Gas Chemical

AGELESS

Iron/Non-Iron based

Sachet/Label

Mitsubishi Gas Chemical
AMOCO (BP Amoco
Chemicals)
Laboratories Standa (EMCO
Packaging)
Bioka Ltd

AGELESS OMAC

Iron based

Plastic film

Amosorb 3000

Iron/co-polyester

Plastic film

ATCO

Iron/Organic based

Label

Bioka

Enzyme based

Plastic film/laminates/sachet

Continental PET

CPTX 312

Sealed Air Food Care

Cryovac OS Film

UV activated scavenger

Film

W.R. Grace & Co.

Darex

Ascorbate/Sulphite

Bottle Crown/Bottle

Cryovac Sealed Air

Iron

Sachet/Label

Dessicare

Daraform
Fresh Max, Fresh
Pax
O-Buster

Sachet

Sealed Air (Cryovac)

OS1000

CMB Technologies

OXBAR

Iron powder + Zeolites
Light-activated
scavenger
Cobalt catalyst

Crown, Cork and Seal

Oxbar

Iron based

Plastic film

Kyodo Printing Co. Ltd.

Oxy-Catch

Cerium Oxide

Sachet

Clariant Ltd.

Oxy-Guard

Toyo Seikan Kaisha Ltd.

Oxyguard

Iron based

Plastic tray

Ciba Specialty Chemicals

Self Plus

PET co-polyester

Plastic film

Albis

Shelfplus O2

Iron based

Film

ZapatA
Visy Industries (CSIRO,
Southcorp Packaging)
Chevron Chemicals

Smartcap
Photosensitive dye

Plastic film

Benzyl acrylate

Plastic film

Multisorb Technologies, Inc.

Plastic bottle

Plastic film
Plastic bottle

Sachet

ZERO2
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Preparation of OS films include coatings, incorporation into packaging, multilayer
active films, and immobilization (Gaikwad, Singh, & Lee, 2018). Active films may be
produced through casting or extrusion. OS systems are manufactured through the
incorporation into a polymeric film, where they are homogenously blended with these
reactive substances to produce the active materials (Cooksey, 2002; Gaikwad, Singh, &
Lee, 2018). Multilayer structures are developed by converters who laminate or extrude the
OS film as a middle layer to remove oxygen from within the package and oxygen entering
via permeation or leakage through the package (Robertson, 2006). OS coatings rely on the
scavengers migrating into the package material, when applied as a physical coating, or
through absorption into the desired material and then into the food product. Direct food
contact with active agents or OSs produce a vapor phase of antioxidants into the headspace
of the food package (Gaikwad, Singh, & Lee, 2018).
Incorporation of OSs into packaging films is accomplished through dispersing them
into the polymer matrix and then casting or extruding it into a film. These films scavenge
oxygen from the headspace or food product itself to prevent oxidation. To prevent the
interaction of OSs with the food, such as iron based OSs accelerating lipid oxidation
reaction, OS multilayer films typically involve inert, barrier film layers surrounding the
OS layer for better efficiency and food safety reasons to provide a food contact surface.
For example, the PP/EVOH/OS/PP multilayer structure has the iron-based OS layer within
the PP layers (Gaikwad, Singh, & Lee, 2018).
Immobilization techniques use inert polymers such as LDPE, HDPE, PP, PET,
polyvinyl alcohol (PVA), and polystyrene (PS). Their surfaces are pretreated to produce
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reactive sites for the attachment of functional compounds, such as enzymes to be used as
OSs (Gaikwad, Singh, & Lee, 2018). Surface treatments are completed using UV
irradiation, short-wave UV light (UVC 185 nm), and long-wave UV light (UVA 400-315
nm) combined with photoinitiators/sensitizers, such as benzophenone. The principle
behind these treatments creates functional groups, free radicals, or atomic oxygen and
ozone to initiate graft polymerization of functional molecules (Gaikwad, Singh, & Lee,
2018).
Based on the application used, OSs must then be activated by some method, such
as UV light activation (Gaikwad, Singh, & Lee, 2018). Valspar has a system to activate
bottles using UV light for stable storage and Cryovac produced a transparent, coextruded
layer that is permanently activated by UV light prior to sealing until the OS capacity is
used (Selke & Culter, 2016). Cryovac produced a light triggering mechanism in their
OS1000 or OS2000 films by using a transition metal catalyst and photosensitizing dye in
unsaturated polymers like poly(1,2-butadiene) without rupture of the polymer backbone
(Cooksey, 2002). The OS2000 film is a multilayer film composed of an extruded oxygen
scavenging layer said to reduce a 1% oxygen headspace to ppm concentrations in 4 to 10
days (Butler, 2002). However, increased costs are associated with UV light activation
systems costs including the addition of photoinitiators, operations, and maintenance of UV
machines as well as a reduction in packaging line speeds, which negatively affect profits
overall. Therefore, it is beneficial to manufacture OS systems that do not require a UV
activation step or to use newly developed activation systems, such as moisture activation
(Byun, Darby, Cooksey, Dawson, & Whiteside, 2011; Byun, Bae, & Whiteside, 2012).
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ColorMatrix, PolyOne, Valspar, and Cryovac have systems that are activated by moisture
in the bottle from the product, while researchers in Japan also produced an iron-based,
oxygen absorbing tray activated by foods with a high water activity (Aw) (Robertson, 2006;
Selke & Culter, 2016). Amsorb by Amoco Chemicals produced another method by adding
a transitional metal salt in the injection molding process through blending it with polyester
and polybutadiene for the dispersion of modified polyolefin in PET (Cooksey, 2002; Selke
& Culter, 2016).
High temperatures, shearing forces, and high pressures during manufacturing
processes pose an issue with degradation of OS components. For example, organic-based
OSs are unstable at extrusion temperatures. This makes them difficult to be incorporated
in polymer matrices. These processes reduce efficiency, so large amounts of antioxidants
or OSs are required for effective dispersion throughout the package and sufficient
remaining activity. When OS systems are incorporated into polymers, resultant film
physical properties change, including include tensile strength, elongation, gas barrier,
thermal properties, and optical properties (Gaikwad, Singh, & Lee, 2018). Linear lowdensity polyethylene (LLDPE) incorporated with iron-based scavengers showed a decrease
in tensile and break strength as well as thermal properties (Shin, Shin, & Lee, 2011).
Nanoparticles are useful for their high surface area and their dispersion is crucial to the
optical transparency that is desired in food packaging applications (Gaikwad, Singh, &
Lee, 2018). For shelf life protection of products, OS materials are used for their low OTR
properties. OS materials may alter the OTR or WVTR due to a change in film properties
when added to the polymer matrix. The greatest challenges for OSs under development are
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their scale up and industrialization in order for successful commercialization, which should
be considered early on in development. Implementation costs for this technology must be
compliant with benefits gained for application in a food product, legislative and regulatory
issues, and the need for general consumer acceptance (Yildirim et al., 2018).

2.2.4 Modified Atmosphere Packaging
MAP can act synergistically with OS films by providing an initial headspace
contained within a sealed, high-barrier package comprised of an altered, internal
atmosphere different than the composition of ambient air. High-barrier films are essential
for keeping the MAP gas mixtures from readily permeating out of the package (Costa,
Lucera, Mastromatteo, Conte, & Del Nobile, 2010). Active MAP displaces or replaces the
internal atmosphere of a package with a particular gas mixture designed for a specific food
product and then sealed. Active packaging also utilizes gas scavengers or absorbers to
continuously alter the headspace. On the other hand, passive MAP packages food under
ordinary atmosphere and allows the product to form its own modified atmosphere (MA)
within the package, relying on the specific packaging film (Costa, Lucera, Mastromatteo,
Conte, & Del Nobile, 2010; Oliveira, Abadias, Usall, Torres, Teixidó, & Viñas, 2015). A
similar technique for storage is controlled atmosphere packaging (CAP) that continuously
exposes food to a certain mixture of gases; however, this is not ideal for distribution
(Farber, 1991). Materials that contain low water vapor transmission rates (WVTR) and
oxygen transmission rates (OTR) are effective in packaging food products under MA. Due
to molecular and polymer chain movement, low temperature storage also benefits MAP.
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Higher temperatures increase the permeability of gases through packaging films, thus
altering desired headspace gas mixtures (Oliveira, Coelho, Alexandre, Gomes, Almeida, &
Pintado, 2015).
The three main gases used in MAP applications are carbon dioxide, oxygen, and
nitrogen. Other gases that have been researched for use in MAP include carbon monoxide,
sulfur dioxide, nitrous oxide, nitric oxides, ethane, chlorine, helium, argon, xenon, neon,
and chlorine dioxide (Arvanitoyannis & Stratakos, 2012). In general, carbon dioxide is
used to inhibit or slow microbial growth by having a bacteriostatic effect through extending
the lag phase and decreasing growth during the logarithmic phase. Oxygen can stimulate
aerobic bacteria growth as well as inhibit anaerobic bacteria growth; however, it may
negatively impact a food product by causing oxidation to take place. Nitrogen is commonly
used as an inert, tasteless filler-gas to flush out and displace oxygen thereby creating a
nitrogen rich atmosphere within the package (IoPP, 2014). Nitrogen can replace oxygen to
reduce or delay oxidative rancidity and prevent aerobic bacteria growth (Farber, 1991).
However, adequate oxygen is required to prevent anaerobic conditions.
In fresh fruits and vegetables, low enough oxygen concentrations have been shown
to stimulate the growth of Listeria monocytogenes, Escherichia coli, or C. botulinum as
well as anaerobic fermentative processes. In addition, low oxygen and high carbon dioxide
atmospheres on fresh-cut fruits and vegetables have controlled enzymatic browning,
firmness, and decay. On the other hand, several studies have also proposed high oxygen
atmospheres to prevent spoilage microbial growth. High carbon dioxide is effective for
controlling most aerobic microorganisms, such as bacteria and molds, except yeasts (Rojas‐
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Graü, Oms‐Oliu, Soliva‐Fortuny, & Martín‐Belloso, 2009). Microbial control can be
achieved with an atmosphere of 3 to 6% oxygen and 2 to 10% carbon dioxide for various
fresh-cut products (Oliveira, Abadias, Usall, Torres, Teixidó, & Viñas, 2015).
MAP has been successful in prolonging the shelf life of foods with high-barrier
materials, and active packaging has led to improved extension of food quality. These
packaging systems can be used for various food applications that require protection from
oxygen related quality loss, such as meatballs, hot-fill cheese spread, roasted sunflower
seed and walnuts, various breads and bakery products, sunflower oil, probiotic yogurt,
citrus juice, fresh-cut banana, and cooked cured sliced ham (Yildirim et al., 2018). OSs
have proven their effectiveness is various foods including salami, milk powder, milk,
juices, tortillas, olive oil, wine, almonds, beer, catfish, and probiotic yogurts (Foltynowicz,
Bardenshtein, Sängerlaub, Antvorskov, & Kozak, 2017). These food protection systems
may contain OSs incorporated in bottles, containers, or polymeric film materials as well as
sachets placed into the food package itself (Yildirim et al., 2018). In Japan, researchers
incorporated a laminate layer into a thermoformed tray containing an iron-based oxygen
absorber for cooked rice and fruit jellies. This application requires activation by water from
foods with a high Aw, while versions later on reacted with lower Aw (Robertson, 2006).
Studies performed on many of these OS food packaging systems have used iron
photosensitive dyes, unsaturated hydrocarbon dienes, and palladium with hydrogen, as
outlined in Table 2 (Yildirim et al., 2018).
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Table 2.2.4. Oxygen-scavenging food packaging systems (Yildirim et al., 2018).
Active Substances
Iron (Fe)

Matrix/Packaging Application
•
•
•
•

Ascorbic Acid

•

Photosensitive
Dyes

•
•
•
•

Unsaturated
hydrocarbon
dienes

•
•

Palladium (Pd) (+
hydrogen)

•

Food Application

Multilayer-container: PP/EVOH/OS/PP
Incorporated into laminate:
PET/Alu/OS*/PE*ABSO2RB®
Mixture of Fe nanoparticles, activated
carbon, NaCl and CaCl2, in sachets
Multilayer film: PET/Alu/PE/OS*/PE
*SHELFPLUS™ O2 2400
LLDPE-films containing ascorbic acid
and zinc or iron-powders
Photosensitive dyes (eosin & curcumin)
and synthesized PFO incorporated in
ethyl cellulose polymer cast films
EVOH /OS*/CPP laminate
*Photosensitive dye and reducible
organic compound
Commercial barrier packaging
(Nupak™) lined with OS-sheet:
EVOH/ OS*/EVA*ZerO2™
ZerO2™ OS-film laminate:
OPET/EVOH/OS/CPP
OS* incorporated in PET-bottles
*AMOSORB

Meatballs
Hot-filled cheese spread

OS*-PET film, cast extruded
*AMOSORB
Pd-deposited film: PET/SiOx/Pd

Fresh-cut banana

Roasted sunflower seeds &
walnuts
Salami bread
Bun and bread slices
Sunflower oil

Orange juice

Probiotic yogurt

Milk
Citrus juice model system

Cooked cured sliced ham
Bakery products: partially
baked buns, toast bread slices
and gluten-free bread slices

The opportunity of applying active packaging technologies allows the food
packaging industry to supply safe food with maintained nutritional quality to the consumer
while preventing organoleptic deterioration, microbial spoilage, discoloration, and lipid
oxidation (Cichello, 2015; Yildirim et al., 2018). High-barrier packaging and OS systems
allow for the extension of shelf life for the packaged food with less use of additives to the
food itself (Yildirim et al., 2018). More preservative-free foods will spark the interest of
retailers and manufacturers to offer products with less negatively perceived chemical
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preservatives (Cichello, 2015). With consumer interest trending toward natural food
products, their concern about safety, use of additives, and reduction of food waste are
important to grow the active packaging market (Gaikwad, Singh, & Lee, 2018; Yildirim et
al., 2018). Therefore, extended shelf life improves logistical and economical concerns since
the economic loss from spoiled food is attributed as a hidden cost of production at an
estimated 1.3 billion tons of food per year (van Otterdijk & Meybeck, 2011).
However, not all countries allow OSs as films or sachets in packaging even though
the application of OSs into packaging materials have shown higher consumer acceptance
than sachets (Gaikwad, Singh, & Lee, 2018). European countries are less accepting of
sachet-based applications, unlike the U.S. and Asia, due to the risk of accidental breakage
and unintended consumption (Yildirim et al., 2018). Sachets often use iron-based OSs and
disadvantages associated with their use include health risks from accidental ingestion and
inability to be used in liquid products. Consumers also negatively perceive the term “ironbased”, which lowers their interest in purchasing packages using these sachets (Byun,
Darby, Cooksey, Dawson, & Whiteside, 2011). However, ferrous iron as an oxygen
absorber is not a potent toxin, so an average human would have to eat about 448 standard
(100 cc) sachets to reach the LD50 for toxicity (Brody, Strupinsky, & Kline, 2001;
Cichello, 2015). Other considerations of iron-based scavengers include lipid-oxidation
acceleration in foods where iron has migrated into and, metal detection issues in production
lines, and microwave oven problems for consumers. (Gaikwad, Singh, & Lee, 2018;
Suppakul, 2018).
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For the safety of consumers, regulations are present related to OS systems, where
“Oxygen absorbers must meet with food safety regulatory compliance which includes
Australian Standard 2070–1999, U.S. FDA document MAPP 5015.5 (Office of
Pharmaceutical Sciences), and E.C. Directive 2002/72/EC and amendments, and HACCP
requirements for articles that come into contact with food products” (Cichello, 2015). In
the case of palladium-based OSs, the safety of hydrogen mixed with nitrogen in the
package headspace at flammable concentrations poses a safety risk, and food products
cannot be in direct contact with palladium-containing film layers according to EFSA CEF
Panel in 2014 (Yildirim et al., 2018).
Providing that the OS agents are safe and accurate information is provided, a survey
found that most consumers in Europe are open to innovations in active packaging
technology. Due to a lower perceived risk to the consumer, naturally derived OS systems
are becoming more preferred over synthetic products (Gaikwad, Singh, & Lee, 2018). One
solution to combat the accidental consumption risk was developed by Janjaraskkul et al.
(2011), which included an edible film made from whey protein isolate that used ascorbic
acid (AA) as a potential oxygen-absorber (Janjarasskul, Tananuwong, & Krochta, 2011).
Sustainability and consumer perception are driving forces of natural OS use in new
packaging formats. Since multilayer materials and OS containing films are generally not
recyclable, methods using natural OSs provides a solution to sustainability issues.
Replacement of iron power with natural agents in active packaging is one consequence of
the expected increase in demand (Gaikwad, Singh, & Lee, 2018). Opportunities to produce
novel package designs offer advantages in consumer perception and sustainability in the
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development of organic-based scavenging films. Although disadvantages include their
higher cost and lower scavenging capacity in a polymer matrix (Byun, Bae, & Whiteside,
2012; Gaikwad, Singh, & Lee, 2018).
As pollution concerns, sustainability efforts, and minimal environmental impacts
are currently trending, the development of biodegradable and nanoactive films are driving
future innovation. Recent trends indicate the future of this field will use nanotechnology to
develop OS films. Trends also show the use of natural and biological OSs entrapped in
polymer films, the preference of organic-based OS agents rather than metallic-based
scavengers, and a focus on the role of nanotechnology. Most current films are based on
iron and metal-based scavengers, which present more limitations compared to organicbased OS systems. However, OS efficiency for organic-based systems require
improvements through research in technical and commercial feasibility. Food-grade
antioxidants, such as

alpha-tocopherol

and

vitamin C; immobilized

aerobic

microorganisms, the use of trigger activation to prevent premature loss of OS systems, and
oxygen level indicators have all been used as components in active and intelligent
packages. Regulatory aspects for safety require the production of multilayer OS films for
food packaging and research into novel scavenging agents and adhesives. Sustainability in
terms of recyclability and reusability remain to be challenges of OS packaging systems,
but shelf life extension benefits show promise to outweigh these various costs (Gaikwad,
Singh, & Lee, 2018).
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2.2. Peach Processing Overview
2.2.1. The Peach Crop
Peaches (Prunus persica L. Batsch) have been bred into many different varieties,
or cultivars. Peaches are loaded with nutrients, phytochemicals, and significant amounts of
secondary plant metabolites, including phenolic compounds, such as hydroxycinnamates,
cinnamic acid derivatives, flavonols, and anthocyanins; carotenoids, antioxidants, vitamin
C, fiber, and minerals, being rich in potassium (Bassi, Mignani, Spinardi, & Tura, 2016;
Campbell & Padilla-Zakour, 2013; Hong, Barrett, & Mitchell, 2004; Lavelli, Pompei, &
Casadei, 2008; Saidani, Giménez, Aubert, Chalot, Betrán, & Gogorcena, 2017). The two
main categories of peaches are flesh color and stone type. Peach flesh may be yellow or
white and their stones may be clingstone, freestone, or somewhere in between as semifreestone. In freestone peaches, the flesh does not stick to the pit and they are typically
larger than clingstone. Fresh retail produce often carries freestone peaches, while
clingstones are most often used in canning processes due to their firmer texture in addition
to preservation (Hong, Barrett, & Mitchell, 2004). Harvest season is from May to October
in the northern hemisphere depending on the cultivar and whether they are early or late
season varieties. Two maturity standards are used for the marketplace: well-mature grade
and tree-ripe grade. The well-mature grade has a higher firmness but allows for one to two
weeks of storage and long-distance markets, while tree-ripe grades are intended for one
week of storage for nearby markets (Minas, Tanou, & Molassiotis, 2018). Maturity
standards for harvest are specific to countries, but generally, important factors include size,
firmness, external color, acid, and sugar content.
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2.2.2. Preservation of Peaches and Importance of Peach Puree
It is important to understand the quality related nutrients and compounds involved
in the health benefits and organoleptic aspects of peaches in order to understand the
protection needed for storage to extend the shelf life for future consumption. Peaches are
processed into slices, dices, and puree as well as halves, nectar, pectate, and jams. Fruit
processing in the formats of juices, smoothies, purees, nectar, dehydrated, and canned are
most commonly preserved through thermal processing technologies (Tinello & Lante,
2018). Thermal processing is the process of applying heat to kill or control microorganisms
for producing safe food and sterilizing packaging materials. This has been the most
commonly used method of preservation in the food industry even through the development
of newer technologies (Tucker & Featherstone, 2011). Consideration to maximize the
quality of thermally processed food has been a second priority to food processors. Food
quality reduction is due to enzymic, chemical, biological, biochemical, and physical
reactions, which occurs during processing and storage of foods (Robertson, 2010). The
shelf life of thermally processed foods is the time until the organoleptic quality of the food
is unacceptable for consumption since microbial safety and spoilage is not a factor;
assuming package integrity is intact.
Control of microbiological contamination allows food processors to produce safe
and high-quality products. Bacteria and fungi, such as molds and yeasts, are of primary
concern and under suitable conditions these microbes will grow in the food. Pathogenic
bacteria are harmful and cause foodborne illnesses due to intoxication or infections when
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consumed (Black & Barach, 2015). Food safety prioritizes the elimination of pathogenic
bacteria with consideration to the critical parameters to control their growth, including
storage temperature, water activity, pH, and atmosphere within the food package system
(Robertson, 2010).
Storage temperatures applied to commercial food products are categorized as
frozen, refrigerated, or shelf stable. Shelf stable foods are defined as food that do not
depend on temperature control for safe storage and can be stored at room temperature, also
known as ambient conditions, but should avoid excessively high temperatures. Thermal
processing can be used to achieve commercial sterility and provide an extension of shelf
life, which allows food to be shelf stable. “‘Commercially sterility’ or, as it is sometimes
known as ‘shelf stability’, means rendering the product free of viable microorganisms of
public health significance as well as those capable of reproducing in the food under normal
non-refrigerated conditions of storage and distribution” (Black & Barach, 2015).
The safety of shelf stable foods relies on the prevention of suitable conditions for
microbial growth by controlling water activity (Aw) or pH. Aw is the available water present
in a food for chemical reactions or microbial usage, which is a critical factor in many dry,
shelf stable foods. pH is a critical factor in determining the required thermal process to
deliver. Foods are categorized in three groups based on their pH: acidic, acidified, and lowacid. Acidic foods naturally have a pH below 4.6, while acidified foods are manipulated
by food processors to reduce their pH below 4.6. One microbe of public health significance
is Clostridium botulinum, which produces a potent, lethal toxin, but it cannot grow in an
acidic environment with a pH below 4.8. So, a pH of 4.6 is designated as the threshold
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between low-acid (pH>4.6) and acidic or acidified foods (pH<4.6) for an extended margin
of safety (Fellows, 2009a). C. botulinum is an important consideration for thermal
processes; however, the acidity of peaches, which ranges from 3.6 to 4.1, prevents its
growth and thus it is not a concern for this research.
Packaged food can be commercially sterilized or pasteurized using a retort, which
is a large, pressurized vessel that is used for thermal processes. Commercial sterilization is
a thermal process above 100C, which targets C. botulinum spore elimination, achieved by
adding pressure to the vessel allowing liquid water temperatures to increase above its
vaporization temperature. Less intensive thermal processing methods such as
pasteurization are used for products with a pH below 4.6, which include acidic or acidified
foods, as well as refrigerated foods. Pasteurization is a cooking process accomplished in
atmospheric cookers or pasteurizers at or below atmospheric boiling water temperatures of
100C; therefore, pasteurization does not require applied pressure. This mild heat treatment
targets pathogens that are not affected by a pH below 4.6, including Escherichia coli
O157:H7, Listeria monocytogenes, and Salmonella spp. (Black & Barach, 2015).
An adequate process for safety is determined by a scheduled process based on a
calculation of the set time and temperature required to destroy bacteria of public health
concern, which is determined by a process authority. This calculation takes the heat
resistance of the microbe and heating rate of the product into account. Process authorities
calculate these values with thermal death time studies and heat penetration tests. The
scheduled process considers the initial product temperature, process temperature, and
process time as well as other critical factors relating to the container and food product that
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are critically important for the ability of the process to be delivered that can be measured
and recorded (Black & Barach, 2015).
Mild pasteurization processes are typically used on fruit products due to their
acidity, and the control of processing temperatures are essential for some sensitive fruits to
preserve quality (Tucker & Featherstone, 2011). Several examples of fruit products in the
literature that undergo pasteurization with a consideration of quality for shelf stable storage
include various formats of peaches, nectarines, pineapples, mangos, apples, and apricots as
well as many others (Chutintrasri & Noomhorm, 2007; Guiamba & Svanberg, 2016;
Lavelli, Pompei, & Casadei, 2008; Le Bourvellec, Gouble, Bureau, Reling, Bott, RibasAgusti, Audergon, Renard, 2018; Oner & Walker, 2011). Pasteurization of products can be
accomplished by heating in a jacketed batch tank or kettle using agitation followed by hotfill-and-hold, in-container pasteurization methods, or large-scale, continuous methods,
including tube or plate heat exchangers for low-viscosity liquids using a high temperature
short time process (Black & Barach, 2015; Fellows, 2009b).
The hot-fill-and-hold method pasteurizes the food product at atmospheric
conditions where it is subsequently filled into a container while hot, hermetically sealed,
and held. To adequately sterilize the package, the filled product in the package must be hot
enough for the scheduled process (Black & Barach, 2015). The package is sealed and held
for a period of time based on the scheduled process to ensure safety of the food contained
within the package. Packages are then inverted if packages contain entrapped gas to allow
the hot product to sterilize the remaining portions of the package not submerged after initial
filling. Once the holding period is complete, cooling of the package can begin using water-
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spray cooling tunnels or immersion into a water bath (Fellow, 2009d). Thermal processing
time and temperature as well as storage significantly impact the specific biochemical,
chemical, and biological-based quality changes and shelf life of these fruit products
(Robertson, 2010).
Prior to thermal processing, post-harvest fruits are at a crucial stage. Once
harvested, fruits no longer obtain nutrients from their parent plant and are independent on
their own reserves. Aerobic respiration begins to initiate carbohydrate breakdown into
glucose for energy with carbon dioxide and water as byproducts (Robertson, 2010). Fruits
are divided into two types according to their rate of respiration: climacteric and nonclimacteric. Peaches are climacteric fruits that have a high rate of respiration, while nonclimacteric fruits have a low rate. After harvest, climacteric fruits substantially increase
their respiration rate and ethylene emission affecting color, texture, aroma, and other
biological changes (Minas, Tanou, & Molassiotis, 2018). These fruits may be crisp, such
as apples and quinces, or melting, such as peaches and avocados. This phenomenon seen
in melting fruit that soften during ripening is due to cell separation without rupture
(Toivonen & Brummell, 2008).
Increased rates of respiration and ethylene production are the result of wounding
and mechanical injury to fruits (Toivonen & Brummell, 2008). In fresh fruits, minimal
processing, such as peeling or slicing, causes wounds that promote defense and stress
responses within the fruit as well as cellular contents to be exposed to the atmosphere.
These wounds result in physiological effects such as membrane deterioration, microbial
spoilage susceptibility, sweetness increase, flavor volatiles formation, tissue softening,
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pigment formation, enzymatic browning, lipolysis, and lipid oxidation as well as losses in
chlorophyll and acidity (Rico, Martin-Diana, Frias, Barat, Henehan, & Barry-Ryan, 2007;
Toivonen & Brummell, 2008).
Harvested peaches that are damaged or wounded possess tissue with soft spots and
undesirable discoloration rendering them to be at a lower quality. Fortunately, they can be
altered through further processing into a puree. In the development of processing whole
peach fruit into puree, peaches are crushed, and centrifugal force pushes the flesh through
screens while separating out the skin, stones, and other unwanted debris. The screen size
determines peach flesh particulate size, which then influences the puree viscosity. This
process increases the wounded fruit surface area and must be promptly thermally processed
to deactivate enzymatic activity related to quality degradation. On the other hand, this
subsequent thermal processing and storage promotes non-enzymatic browning (NEB)
reactions that negatively affect quality.

2.2.3. Browning
The main factor limiting the shelf life of fruit is browning, which reduces the
appearance of quality. Prevention of browning is a main concern during processing and
storage of fruit since it is considered a negative product attribute to consumers. Browning
of peaches can occur through enzymatic or non-enzymatic browning reactions (Terefe,
Buckow, & Versteeg, 2014). Browning measurements used to characterize color include
spectrophotometric absorbance at 420 nm for the detection of brown pigments as well as
L*, a*, and b* parameters and total color difference (Garza, Ibarz, Pagan, & Giner, 1999).
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Food color is quantitatively measured using the CIE L*a*b*, or CIELAB, color
scale. This scale was recommended by the International Commission on Illumination (CIE)
and popularized in 1976 over the L, a, b scale developed by Hunter in 1966. The Hunter L,
a, b and CIELAB color space are both in a cubic from based on the Opponent-Color Theory
that assumes the human eye receptors perceives color in pairs of opposites. These opposite
pairs are light and dark (L*), red and green (a*), and yellow and blue (b*). L* ranges from
100 to 0, where light values are 51 to 100 and dark values are 0 to 50. Red and green are
indicated by a positive or negative number as an a* value, respectfully, and yellow and
blue are indicated by a positive or negative number as a b* value, respectfully, as shown
in Figure 2.2.3 (HunterLab, 2012). Overall variation in the color of foods, including fruit
pulps, is commonly characterized using total color difference, or ∆E* (Garza, Ibarz, Pagan,
& Giner, 1999). ∆E* compares the L*, a*, and b* values together between two samples as
one number value for ease of comparison. Hue angle (h) and Chroma are calculated using
the a* and b* values as quantitative measurements of similarity to a specific color and the
saturation index, respectively (HunterLab, 2008). H may be used as an indicator for
visualizing the color of food products effectively and as a ripeness indicator (Gorny, HessPierce, & Kader, 1998). The L* value, or brightness, is used as a measurement of browning
intensity (Gorny, Hess-Pierce, & Kader, 1998). Cáceres et al. (2016) studied internal flesh
browning in fresh peaches and found there was a high correlation for peach flesh browning
between ∆L* and their sensory evaluations. These findings agreed with their research on
other studies involving peach flesh exposed to air. In addition, they concluded that a ∆L*
of at least 4.7 was perceptible to the human eye (Cáceres, Díaz, Shinya, & Infante, 2016).
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Figure 2.2.3. Representation of the Hunter L, a, b and CIELAB cubic color space
(HunterLab, 2012).
Enzymatic browning involves the oxidation of phenols resulting in darkening of the
flesh and a reduction in nutrients as well as a loss of organoleptic properties (Liu, Cao, Qi,
& Yang, 2015). Mechanical and physical stresses are responsible for this enzymatic
browning during post-harvest and storage (Tinello & Lante, 2018). The enzymes most
likely responsible for color and flavor changes include polyphenoloxidase (PPO),
peroxidase (POD), chlorophyllase, lipoxygenase, and lipase through carotenoid oxidation
and enzymatic browning. Nutrient losses are due to thiaminase and oxidative enzymes
including PPO, POD, and ascorbic acid oxidase leading to loss of vitamin C (Guiamba &
Svanberg, 2016; Terefe, Buckow, & Versteeg, 2014). When a physical stress or senescence
of the plant tissue begins, decompartmentalization of the cell occurs. Polyphenol
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substrates, such as catechin or polyphenols, mix with PPO or POD enzymes initiating the
oxidative browning process (Toivonen & Brummell, 2008). To initiate the browning
reaction of PPO, oxygen is required at the wound site of fruits or vegetables that are
intentionally cut or damaged (Martinez & Whitaker, 1995). PPO catalyzes two reactions
in the presence of oxygen, which include the hydroxylation of monophenols to diphenols
resulting in colorless products, and the oxidation of diphenols to quinones that are colored,
such as o-dihydroxyphenols to o-benzoquinones. Further reactions of quinones result in
melanin accumulation, which are brown or black in color and closely related to plant tissue
browning (Martinez & Whitaker, 1995; McEvily, Iyengar, & Otwell, 1992; Toivonen &
Brummell, 2008).
Discoloration of cut surfaces by PPO is most active at a neutral pH of 7 (Rico,
Martin-Diana, Frias, Barat, Henehan, & Barry-Ryan, 2007). Therefore, adjustment of pH
to 4 or below may be used to control browning in sliced fruits and juices by using citric,
malic, or fumaric acids. These acids cause less tight binding of copper in the active site of
PPO thereby leading to the removal of copper (Martinez & Whitaker, 1995). Reducing
agents, acidulants, and chelating agents act synergistically to preserve the freshness of
fresh-cut fruit. Ascorbate, or ascorbic acid (AA), is known as a universal antioxidant, which
has also been shown to quench deterioration compounds as well as reduce undesirable
oxidative products, alter the redox potential, and prevent oxidation by scavenging free
radicals (McEvily, Iyengar, & Otwell, 1992; Toivonen & Brummell, 2008). AA also
reduces the PPO formed o-quinones to their diphenol precursor and acts as an oxygen
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scavenger by removing molecular oxygen in PPO reactions (Rico, Martin-Diana, Frias,
Barat, Henehan, & Barry-Ryan, 2007).
On the other hand, non-enzymatic browning (NEB) reactions are a function of
heating time, temperature, and soluble solids. One pathway of NEB reactions includes
Maillard browning reactions that are influenced by pH, temperature, water content, sugar
type, and presence of amino acids, which are the limiting factor for reaction rates (Toribio
& Lozano, 1986). Initiation of the Maillard reaction occurs between the aldehyde of a
reducing sugar and an amine from a protein or amino acid. This yields glycosylamine that
undergoes Amadori rearrangement resulting in an Amadori derivative, which reduces
nutritive value due to the initial loss of reducing sugars and amines. The last step forms
pyrazines, pyrroles, and brown melanoidin pigments. These pigments are relatively inert
polymers that are polymerized from reactive compounds in this advanced Maillard reaction
(Robertson, 2006).
NEB reactions are known to cause color deterioration of shelf stable fruit juices
during storage, including orange, lemon, grapefruit, strawberry, mango, and apple juices
(Pham, Bazmawe, Kebede, Buvé, Hendrickx, & Van Loey, 2019). AA commonly present
or added to fruit juices spontaneously transforms to 3-deoxypentosulose and furfural under
anaerobic conditions, which can result in melanoidin development similar to Maillard
browning (Lavelli, Pompei, & Casadei, 2009). Pham et al. (2019) studied NEB in orange
juice to find that, aside from Maillard-associated reactions, AA degradation, and acidcatalyzed hydrolysis of sucrose into reducing sugars, fructose and glucose, showed a high
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correlation to NEB reaction intermediates, furfural and 5-hydroxymethylfurfual (5-HMF)
(Pham, Bazmawe, Kebede, Buvé, Hendrickx, & Van Loey, 2019).

2.2.4. Effect of Thermal Processing and Storage on Physicochemical Properties of
Peaches
Thermal processing is an effective method to extend shelf life of peaches. Peaches
are mildly acidic fruit with a low pH typically ranging from 3.6 to 4.1 (Tucker &
Featherstone, 2011). Therefore, peach puree requires minimal thermal processing to
become a shelf stable product, which can be achieved through pasteurization. The use of
these high temperatures also leads to the inactivation enzymatic activity as well as
undesirable changes, such as the loss of vitamins and minerals, loss of fresh appearance,
flavor, and texture (Rico, Martin-Diana, Frias, Barat, Henehan, & Barry-Ryan, 2007).
Blanching is often utilized on fresh-cut or pureed peach products to inactivate quality
degrading enzymes for color preservation prior to minimal thermal processing by using 85
to 100C water or steam. However, the applied heat may also lead to deleterious changes
such as loss of nutrients and effects to texture and color (Rico, Martin-Diana, Frias, Barat,
Henehan, & Barry-Ryan, 2007). Peach puree quality parameters consistently used by
researchers are h, pH, acidity, soluble solids content (SSC), and SSC/acid ratio. The year,
cultivar, and fruit maturity of the harvested peaches have impacts on these puree quality
parameters at varying degrees (Gonzalez, Mauromoustakos, Prokakis, & Aselage, 1992).
In addition, carotenoids, antioxidants, sugars, and organic acids contribute to the
organoleptic quality of peach puree (Dabbou, Maatallah, Castagna, Guizani, Sghaeir,
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Hajlaoui, & Ranieri, 2017). Therefore, important measurements during storage to
determine the quality of peach puree after thermal processing include color changes related
to nutrient degradation and browning development from NEB reactions that are interrelated
with SSC content.
The color of foods is critical for acceptability by the consumer. In pasteurized peach
puree, Garza et al. (1999) found that in addition to a decrease in lightness (L*) from peach
puree darkening, heating time also reduced the b* parameter significantly, especially at
higher temperatures, while a* increased with more heating time (Garza, Ibarz, Pagan, &
Giner, 1999). A more yellow and less green flesh color is associated with a lower h in
fresh cut peach slices, so heating time indicates a h change toward the red and blue axes
rather than the yellow and green axes (Gorny, Hess-Pierce, & Kader, 1998). After thermal
processing, peach puree color change results from NEB reactions rather than enzymatic
browning reactions. In the case of processing and storage of different apple varieties,
estimation of AA can be used as a rapid method to determine potential NEB (Toribio &
Lozano, 1986).
Color changes in fruits are related to the degradation or synthesis of colored
compounds, like anthocyanins or carotenes (Robertson, 2006). Carotenoids provide the
characteristic color to fruits and vegetables, especially peach fruit, as pigmented
compounds and protect against oxidative stress since they are potent antioxidants (Terefe,
Buckow, & Versteeg, 2014; Oliveira, Abadias, Usall, Torres, Teixidó, & Viñas, 2012).
Oliveira et al. (2012) found that pasteurization reduced total carotenoids, as ß-carotene, by
65% and eliminated ß-cryptoxanthin. This was attributed to protein denaturation and cell
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wall rupture leading to carotenoid isomerization and epoxidation. Storage increased
zeaxanthin and reduced lutein and ß-carotene concentrations (Oliveira, Abadias, Usall,
Torres, Teixidó, & Viñas, 2012). On the other hand, thermal processing also increases the
bioavailability of carotenoids due to protein denaturation and cell wall softening but
similarly compromises the risk of degradation (Rodriguez-Amaya, 1997).
The effect of modified atmosphere (MA) on fruit after processing has not been
widely studied. Oliveira et al. (2015) showed that preventing oxidation in pasteurized
peach puree improves carotenoid retention and increases antioxidant activity during
storage under 100% nitrogen at 23C (Oliveira, Coelho, Alexandre, Gomes, Almeida, &
Pintado, 2015). Oxygen removal improved the stability of ß-carotene in tomatoes, carrots,
and spinach. In tomatoes, nitrogen and vacuum storage provided an improved protection
after 5 months compared to ambient air and carbon dioxide (Rodriguez-Amaya, 1997).
Oliveira et al. (2014) studied pasteurized peach puree and observed that increased
storage time and storage temperature led to a decrease in Chroma (C*), h, and L*. In
addition, they also found a high correlation between the carotenoid, zeaxanthin, and h as
an intense yellow color (Oliveira, Gomes, Alexandre, Almeida, & Pintado, 2014). During
the storage of orange juice, a strong correlation was seen between ∆E* and the browning
index (BI), which is related to brown compounds formed and accumulated due to NEB
reactions (Pham, Bazmawe, Kebede, Buvé, Hendrickx, & Van Loey, 2019). Positive
variations of peach color involve an increase in L* and b* values with a decrease in a*,
which included an anthocyanin content reduction to zero showing correlation coefficients
of a* and L* as 0.96 and 0.84, respectively (Lavelli, Pompei, & Casadei, 2008).
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Processing and storage of food leads to the isomerization and degradation of
carotenoids leading to color loss, off-flavor development, and decreases in vitamin A.
Carotenoid decomposition is mainly due to enzymatic or non-enzymatic oxidation, while
in many foods enzymatic reactions is a more serious issue than thermally related
degradation (Rodriguez-Amaya, 1997). Polyphenols also contain high antioxidant
activities and contribute to taste, color, and nutritional properties. Degradation of these
phenolic substrates lowers nutrition value and reduces consumer preference of juices,
purees, and nectars in terms of color (Lavelli, Pompei, & Casadei, 2008; Saidani, Giménez,
Aubert, Chalot, Betrán, & Gogorcena, 2017). In the first three months of storage for canned
peaches, Asami et al. (2013) reported that other studies have found a 30 to 43% loss in
phenolic levels (Asami, Hong, Barrett, & Mitchell, 2003). Furthermore, oxidized
polyphenols can possess significantly higher antioxidant capacity and, thus, be directly
related to the formation of brown melanoidins in NEB reactions seen in fruit preserves
(Cropotova, Popel, Parshikova, & Colesnicenco, 2016).
Ascorbic acid (AA) can be added as an antioxidant to fruit products to scavenge
oxygen and protect from the degradation of quality. In the case of orange juice, shelf life
is limited by AA oxidation and subsequent color loss. A pair of studies found that OS films
in aseptic orange juice have led to a 50% reduction in AA loss and a 33 to 50% reduction
in browning throughout 4 months of room temperature storage due to the use of this active
packaging (Wilson, 2007; Zerdin, Rooney, & Vermuë, 2003). Another example includes
the retention of the carotenoid, provitamin A, that can be improved during storage through
temperature reduction, light protection, antioxidant addition, and oxygen removal by
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application of vacuum, hot-filling, MAP, or oxygen impermeable packaging materials
(Rodriguez-Amaya, 1997). Therefore, similar protection of peach products from oxygenrelated quality degradation can be overcome through active packaging technologies, such
as OS films.
Peach sugar content, acid content, and sugar/acid ratio are parameters primarily
used to predict eating quality and perceived sweetness and sourness (Minas, Tanou, &
Molassiotis, 2018; Saidani, Giménez, Aubert, Chalot, Betrán, & Gogorcena, 2017).
Sucrose is the predominant sugar in peaches followed by similar amounts of glucose and
fructose as well as lower amounts of sorbitol. In addition, mouthfeel and aroma profiles
are affected by sugars and high correlations of sucrose to sorbitol levels in overall taste and
aroma have been reported (Cirilli, Bassi, & Ciacciulli, 2016; Saidani, Giménez, Aubert,
Chalot, Betrán, & Gogorcena, 2017). Soluble solids content (SSC) measures sucrose
content in a solution as Brix, where 1Brix is equivalent to 1 g of sugar per 100 mL of
solution. In terms of organic acids, malic acid is the predominant acid in peaches followed
by citric acid and quinic acid (Saidani, Giménez, Aubert, Chalot, Betrán, & Gogorcena,
2017). Therefore, organoleptic quality measurements in terms of sugar and acid content
can be quantitatively evaluated through soluble solids content in degrees Brix (Brix) and
titratable acidity in g malic acid L-1, respectively.
Quantitative flavor profiles have also been assessed through SSC and TA with
consumer acceptance increasing directly with SSC. Mouthfeel and aroma profiles are
affected by sugars and high correlations of sucrose to sorbitol levels in overall taste and
aroma have been reported (Cirilli, Bassi, & Ciacciulli, 2016). Minimum SSC values for
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harvest is 10 Brix, or 10%, for minimum consumer quality standards in California, while
in France 10% and 11% SSC is acceptable. Italy proposed 10%, 11%, and 12% SSC for
early, mid- and late-season yellow-flesh peach cultivars (Falguera, Gatius, Pascual, Villar,
Cubero, Ibarz, & Rufat, 2012; Minas, Tanou, & Molassiotis, 2018). Crisosto & Crisosto
(2005) found a high consumer acceptability in peaches with at least 10% SSC and less than
0.7% titratable acidity (Crisosto & Crisosto, 2005).
Traditionally, syrup or dry sugar have been functionally added to peach products
as osmotic pretreatments prior to freezing and thermal processing to develop a shelf stable
product for the preservation of color, texture, flavor, and vitamin C in peaches (Bongirwar
& Sreenivasan 1977). Saura et al. (2017) reported a rapid decline of sucrose during storage
of canned peach halves with a subsequent equimolar increase in glucose and fructose due
to sucrose hydrolysis. In addition, the reducing ends present on glucose and fructose can
then participate in Maillard browning reactions (Saura, Vegara, Martí, Valero, & Laencina
2017). Syrup analysis from the canning process studied by Hong et al. (2004) found
migration of nutrients, such as procyanidins, from peaches into the syrup, thus accounting
for losses (Hong, Barrett, & Mitchell, 2004). Hydrophilic compounds and nutrients,
including phenolics and antioxidants like vitamin C, are often discarded with the fruit syrup
during consumption. Campbell & Padilla-Zakour (2013) found that peach syrup contained
34 to 38% total phenolics, 48 to 52% antioxidants, and 0.5 to 1% total carotenoid content
(Campbell & Padilla-Zakour, 2013). Therefore, the minimization of syrup in processed
peach products, such as peach puree, can help retention of nutrients. In addition, peach
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puree may pose as a higher source of nutrients that are typically lost due to syrup disposal
by consumers.

2.3 Research Objective
The objective of this research was to determine the effect of nitrogen flushing
during pasteurization and oxygen scavengers (OSs) on the performance of three
transparent, high-barrier films during storage on hot-filled peach puree quality.
Understanding the need for nitrogen flushing to improve shelf life will help provide insight
into its synergistic importance on extending shelf life quality in high-barrier films with or
without OSs. These results will help determine a more suitable pouch film to extend peach
puree quality and cost effectiveness of nitrogen flushing capabilities in a vertical form-fillseal application.
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CHAPTER THREE
MATERIALS AND METHODS
3.1 Peach Puree
Peach (Prunus persica (L.) Batsch) puree was donated by Palmetto Processing
Solutions, a division of Titan Farms in Ridge Springs, SC. These purees included two types
of frozen puree numbered items “840” and “843”. The purees were made using various
Freestone Peach cultivars during August of the 2017 season and blanched with added
ascorbic acid before being frozen. Containers of puree donated for this study weighed 13.61
kg each. The frozen puree thawed at room temperature for 24-hours and was approximately
7C prior to pasteurization.

3.2. Packaging Conditions
Peach puree samples were produced in six batch runs following the hot-fill
procedure. Two atmospheres were incorporated during the time of heating, agitation, and
filling, including ambient air as the control and 100% nitrogen as the variable atmosphere.
Three pouch films were used for each atmosphere and their details are propriety per request
of Sealed Air Corporation: Film 1, Film 2, and Film 3. Film 1 is an ultra-high-barrier
multilayer film with an OS (UHB-OS), Film 2 is an ultra-high-barrier multilayer film
without an OS (UHB), and Film 3 is an inorganic barrier multilayer film with an OS (IBOS). All films had a measured oxygen transmission rate (OTR) property of <0.01 cc/m2/24
hr when tested at 23C, 0% relative humidity (RH), and 1 atm; and a water vapor
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transmission rate (WVTR) property of 0.115 g/100 in.2/day at 100% RH. The films are also
approved for hot-filling applications or pasteurization processes up to 100C.
The order of the six trial runs were also coded for ease of reference as A, C, B, D,
F, and E, as shown in Table 3.2.1.
Table 3.2.1. Film and atmosphere codes.
Code

Film

Atmosphere

A
C

UHB-OS
UHB-OS

Ambient Air
Nitrogen

B

UHB

Ambient Air

D

UHB

Nitrogen

F

IB-OS

Ambient Air

E

IB-OS

Nitrogen

3.3. Pasteurization and Hot-Filling Procedure
Pasteurization and hot-filling of the peach puree were performed at Sealed Air
Corp. in Charlotte, NC. A 100 D9MSI scraped-surface steam-jacketed kettle was used to
pasteurize the puree (Lee Industries, Inc., Philipsburg, PA). Initially, cleaning of the kettle
was done by heating water to 96C and pumping it through the system to clean out and
heat the piping as well as to ensure complete flushing of the system between variables and
function of the Cryovac® Onpack 3002 vertical form-fill-seal (VFFS) machine (Sealed Air
Corp., Charlotte, NC). The VFFS machine hot-filled pouches with three seals, including a
top, bottom, and lap seal.
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In the VFFS process, film comes off a rollstock and is webbed through the machine
for continuous filling, sealing, and cutting in a vertical orientation. The film wraps around
a product tube over a forming collar and is sealed along the length of the pouch to create a
fin seal with the back seal bar, which seals the inner layer of the film together producing a
protruding seal at the back of the pouch. A bottom seal is produced by the seal jaws and
then hot product is filled into the open pouch. The top seal is created while simultaneously
producing the bottom seal for the subsequent pouch and cutting the film to separate the
pouches. This top seal creates the final, hermetic seal to enclose the pouch. The cutting
operation may be done simultaneously or at a subsequent step after sealing to separate the
pouches (Selke & Culter, 2016).

Figure 3.3.1. Vertical form-fill-seal machine (Selke & Culter, 2016).
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Heat seals are produced using heat and pressure to melt thermoplastic layers
together in order to produce a seal. Molecular entanglement is desired to produce a
homogenous polymer layer without an interface after subsequent cooling. While the sealant
materials are still molten, molecular interactions are necessary to keep the sealing surfaces
together as they cool. The strength of interactions associated during the cooling phase is
known as hot tack. Hot tack is an important property for the performance of a heat seal
layer to withstand stress while it is still molten and soft. This property is especially
important during hot-filling since newly made seals must withstand the stress of hot
product dropping into the pouch. In addition, good seals are required to maintain package
integrity during shelf life. Poorly formed seals and channel leaks through material folds in
the seal can create a pathway for microbial contamination into the package (Selke & Culter,
2016).
Batches ran in pairs based on film type equipped into the VFFS machine, first with
ambient air and second with nitrogen. The flow of nitrogen started once the puree was
added along with heating and agitation. During heating and filling, the nitrogen modified
atmosphere within the kettle aimed to minimize initial oxygen content within the package.
For each run, five containers of peach puree (about 66 kg) were added to the kettle
in a ratio of 4:1 by puree type, item 843:840. After addition of the puree, heating and
agitation with scraped surface blades began. The puree was heated to a minimum
temperature of 90.6C for 3 min monitored by a digital temperature probe equipped to the
interior of the kettle submerged in the puree. Pasteurized puree was then pumped and hotfilled into pouches at a target 87.8C using the VFFS machine. Initial hot-filled pouches
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for each run were filled and sealed with water from the earlier kettle cleaning cycle. After
several pouches, the hot-fill changed over from water to puree. Once 100% puree was
visibly filling pouches and a target weight of 1 kg was achieved, the first two samples were
collected for temperature measurement. The filling temperature targeted a minimum of
80C, while the actual product temperature after filling ranged from 77.2C to 82.2C.
Subsequent pouches were labeled and set onto stainless steel tables with their seal
side up to be held for 5 min. Visual inspection of seals was done to look for any leaks or
defects to ensure pouch integrity. After the 5 min hold, all of the pouches were submerged
into a chlorinated, cold-water bath at 10C. The concentration of free chlorine ranged from
1.8 to 3.8 ppm, which was above the required 1 ppm for safety. Free chlorine
concentrations were measured with a Pocket ColorimeterTM II and adjusted with a chlorinecontaining solution (Hach Company USA, Loveland, CO). Pouches submerged in the coldwater bath were cooled until their internal temperature was below 38C. Next, pouches
were dried off and packed into corrugated boxes containing up to four pouches each, taped
shut, and palletized for storage.

3.4 Storage Conditions
Packing into corrugated boxes eliminated light as a factor during storage. The boxes
of pouches were stored in an environmental chamber at Sealed Air Corp. at 35C and 50%
relative humidity. Samples were stored for 21 weeks and three pouches of each variable
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were randomly selected for analytical testing weekly, biweekly, and then monthly at weeks
1, 2, 3, 5, 7, 9, 11, 13, 17, and 21.

3.5. Analyses
Analytical tests were performed the day after filling for week 0 measurements on
three pouches of each variable (A, C, B, D, F, and E). Color, SSC, pH, TA, and Maillard
browning were evaluated in triplicate each with three replicates at the scheduled test
periods.

3.5.1. Color
Color of the peach puree was measured immediately upon opening of the pouch to
reduce the risk of color change due to ambient air or light exposure. Color parameters were
quantified in the CIELAB color space using a HunterLab ColorFlex EZ colorimeter (D65
illuminant, 45°/ 0° geometry, and 10° observer angle, operating in a reflection mode) at
room temperature (Hunter Associates Laboratory, Inc., Reston, VA, USA). The instrument
was calibrated by black and white references (L*= 93.54, a*= -1.83, b*= 0.55 for the white
instrument standard). The resulting L*, a*, and b* values were then calculated to find the
hue angle (hue or h) and Chroma (C*), or saturation index, with the following equations
(HunterLab, 2008):
𝐻𝑢𝑒° = arctan

𝑏∗
𝑎∗

𝐶ℎ𝑟𝑜𝑚𝑎 = √𝑎∗2 + 𝑏∗2
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Total color difference (∆E*) values were calculated as the Euclidean distance
between two points by their locations in the three-dimensional CIELAB color space. These
locations were defined by L*, a*, and b* and calculated using the following equation
(Stinco, Fernández-Vázquez, Escudero-Gilete, Heredia, Meléndez-Martínez, & Vicario,
2012):
∆𝐸 ∗ = √(𝐿∗0 − 𝐿∗𝑛 )2 + (𝑎0∗ − 𝑎𝑛∗ )2 + (𝑏0∗ − 𝑏𝑛∗ )2
This formula compares the initial color results from week 0 (L*0, a*0, b*0) to the color
results from each corresponding week number (n) of testing (L*n, a*n, b*n).

3.5.2. Browning Index
Browning index (BI) values were measured to determine the formation and
accumulation

of

brown

pigments

associated

with

NEB

reactions

using

a

spectrophotometric method with slight modifications (Klim & Nagy, 1988). BI
measurements were performed by adding 5 g of blended peach puree and 5 mL of  99.5%
ethyl alcohol together in a 15 mL Falcon tube. The mixture was then vortexed for 1 min.
Tubes were centrifuged at 1,358 × g for 20 min at 23C using a Combo V24 Centrifuge
(LW Scientific, Lawrenceville, GA). Absorbance of 1 mL of the supernatant was measured
at 420 nm using a Genesys 10S UV-VIS spectrophotometer (Thermo Fisher Scientific,
Waltham, MA).
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3.5.3. Soluble Solids Content
Soluble solids content was measured using an RHB-32ATC Handheld Brix
Refractometer (Laxco, Inc., Bothell, WA). A sample of puree was placed into a lint-free
tissue and gently squeezed. Squeezing the sample released enough juice to drop several
drips onto the port of the refractometer. Once enough sample was on the port, a clear flap
to evenly distribute the juice was laid over the port to create a thin membrane of juice over
the port. The reading was then determined by viewing through the interior lens of the
refractometer in Brix.

3.5.4. pH Measurement
The pH measurements were carried out using a digital Orion Star A214 pH/ISE
meter with a glass electrode calibrated prior to each use (Thermo Fisher Scientific,
Waltham, MA).

3.5.5. Titratable Acidity
Titratable acidity (TA) was carried out using the indicator method for highly
colored solutions with slight modification to the method described in AOAC 942-15
(1999). Titrations of the sample solution were prepared using 0.15 g  0.01 g of puree, 10
µL of 1% phenolphthalein solution as an indicator, and 20 mL of distilled water. TA %
acid as Malic was calculated using a factor of 0.067.
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3.6. Statistical Analyses
For each variable, three pouches were analyzed at each test period. Statistical
analysis was completed using the JMP Pro 14 Statistical Software (SAS Institute, Inc, Cary,
NC). Least Squares Means Student’s t-test (p < 0.05) was used to discriminate among the
means.
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CHAPTER FOUR
RESULTS AND DISCUSSION
This study was designed to assess the influence of packaging film and nitrogen
flushing on the shelf life quality of hot-filled peach puree during storage. L*, a*, b*, ∆E*,
Chroma (C*), hue (h) and 𝐴420 variations during storage were observed and relatively
compared. Due to the nature of batch processing, variations in heating time caused the
variables to slightly differ, so the data were normalized using value variations for each test
period, week n, compared to the initial value found at the start of storage (week 0). This
allowed relative color changes within the same variable to be observed and compared.
Therefore, the results were reported as L*/L0*, a*/a0*, b*/b0*, C*/C0*, h*/h0*, and
𝐴420/𝐴0420, where a value of 1 indicates no change and above or below 1 indicates an
increase or decrease in value relative to the start of storage, respectively.

4.1. Color
The color of peach puree is one of the most important factors related to the
appearance in influencing consumer acceptance. The CIELAB color space analysis is
fundamental to monitor the variation of color throughout storage. This breaks down color
into three co-ordinate axes of L*, a*, and b*, where L* represents lightness from black to
white (black=0; white=100), a* represents redness from green to red (-a*, greenness; +a*,
redness), and b* represents yellowness from blue to yellow (-b*, blueness; +b*
yellowness).
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Throughout storage, ∆E*, L*/L0*, a*/a0*, b*/b0*, and h*/h0* results showed the
six variables trending together in pairs based on film type, as shown in Figures 4.1.1, 4.1.2,
and 4.1.3. The films showed significant differences in all color parameters, as seen in
Figures 4.1.4, 4.1.5, and 4.1.6. When comparing the effect of the ambient air and nitrogen
atmospheres individually, L*/L0*, a*/a0*, and b*/b0* showed no statistical differences
between ambient air and nitrogen; however, ∆E* and h*/h0* showed significant
differences, with nitrogen showing a protective effect on color preservation, as shown in
Figure 4.1.7.
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A=UHB-OS/ambient air
C=UHB-OS/nitrogen
B=UHB/ambient air
D=UHB/nitrogen
F=IB-OS/ambient air
E=IB-OS/nitrogen

(i)

(ii)

A=UHB-OS/ambient air
C=UHB-OS/nitrogen
B=UHB/ambient air
D=UHB/nitrogen
F=IB-OS/ambient air
E=IB-OS/nitrogen

Figure 4.1.1. Relative variations across storage at 35C between variables for color
parameters (i) ∆E* and (ii) L*/L0*.
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A=UHB-OS/ambient air
C=UHB-OS/nitrogen
B=UHB/ambient air
D=UHB/nitrogen
F=IB-OS/ambient air
E=IB-OS/nitrogen

(i)

(ii)

A=UHB-OS/ambient air
C=UHB-OS/nitrogen
B=UHB/ambient air
D=UHB/nitrogen
F=IB-OS/ambient air
E=IB-OS/nitrogen

Figure 4.1.2. Relative variations across storage at 35C between variables for color
parameters (i) a*/a0* and (ii) b*/b0*.
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(i)

A=UHB-OS/ambient air
C=UHB-OS/nitrogen
B=UHB/ambient air
D=UHB/nitrogen
F=IB-OS/ambient air
E=IB-OS/nitrogen

(ii)

A=UHB-OS/ambient air
C=UHB-OS/nitrogen
B=UHB/ambient air
D=UHB/nitrogen
F=IB-OS/ambient air
E=IB-OS/nitrogen

Figure 4.1.3. Relative variations across storage at 35C between variables for color
parameters (i) C*/C0* and (ii) h*/h0*.
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(i)

(ii)

Figure 4.1.4. Relative variations across storage at 35C between films for color
parameters (i) ∆E* and (ii) L*/L0*.
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(i)

(ii)

Figure 4.1.5. Relative variations across storage at 35C between films for color
parameters (i) a*/a0* and (ii) b*/b0*.
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(i)

(ii)

Figure 4.1.6. Relative variations across storage at 35C between films for color
parameters (i) C*/C0* and (ii) h*/h0*.
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(i)

(ii)

Figure 4.1.7. Relative variations across storage at 35C between atmosphere exposures
for colorimetric parameters (i) ∆E* and (ii) h*/h0*.
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4.1.1 ∆E*
Total color difference (∆E*) is commonly used to characterize the overall variation
in the color of foods, including fruit pulps (Garza, Ibarz, Pagan, & Giner, 1999). Film
UHB-OS showed the lowest average ∆E* throughout storage followed by Film UHB and
then Film IB-OS. Film UHB and Film IB-OS were not significantly different during weeks
1, 5, and 7, as shown in Figure 4.1.4. Starting at week 9, Film UHB was significantly higher
than all films until the end of storage due to oxygen-related color change since it was not
an OS film.
In the case of atmospheres, a significantly higher average in ∆E* was seen for
ambient air during the first 5 weeks. This indicates that less color change occurred when
flushed with nitrogen during that period by hindering total color change. Then by week 7,
oxygen permeation and reactions with the puree color caused nitrogen and ambient air
samples to become not significantly different. Ávila & Silva (1999) reported that the
oxidation of colored compounds during storage, such as carotenoid degradation, is the most
common reaction affecting color alongside Maillard browning (Ávila & Silva, 1999). In a
study by Oliveira et al. (2015), total carotenoids in peach puree stored under 100 kPa
nitrogen at 23C were more stable resulting in a higher content compared to other
atmospheres containing oxygen. In addition, ß-carotene has been proven more stable in
tomatoes, carrots, spinach, and peaches when protected from oxygen (Oliveira, Coelho,
Alexandre, Gomes, Almeida, & Pintado, 2015; Rodriguez-Amaya, 1997). Carotenoids in
processed peaches are sensitive to pasteurization and changes during storage. Therefore,
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they represent good markers for the nutritional and functional quality of peach puree
(Oliveira, Abadias, Usall, Torres, Teixidó, & Viñas, 2012).

4.1.2. L*/L0*
When comparing relative lightness (L*/L0*), all variables showed an initial
increase followed by a decreasing trend that represents a darkening of puree color, which
is undesirable in the perspective of consumers. By the end of storage, Film IB-OS provided
significantly better protection against puree darkening followed by Film UHB-OS and then
Film UHB. The change in L* values (∆L*) throughout storage was highest for Film UHB,
where variables B and D decreased by 4.78 and 4.39, respectively. These findings agreed
with other studies involving peach flesh exposed to air. A study performed by Cáceres et
al. (2016) found peach flesh browning had a high correlation between ∆L* and their visual
sensory evaluations. They concluded that a ∆L* of at least 4.7 was perceptible to the human
eye (Cáceres, Díaz, Shinya, & Infante, 2016). This value could indicate an end of shelf life
parameter and a significant darkening of peach puree to a consumer. Therefore, variable B
may have reached the end of its shelf life by week 21.
When comparing films and their ∆L* over shelf life, a slope indicating rate of
change in lightness was found. Several models relate the rate of deteriorative reactions to
temperatures of the food and packaging, including the linear model, Arrhenius relationship,
and Temperature Quotient (Robertson, 2010). In this study, the temperature quotient relates
to the rate of deterioration in lightness at an increase storage temperature in the applied
accelerated storage conditions. Due to increasing L* values seen between week 0 and 1,
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week 0 data were not considered for determining the trend lines in order to improve the
correlation coefficients (R2) of the linear equations for a more accurate relationship across
the entire shelf life. The approximate shelf life for each film was calculated from the ∆L*
linear equations to an end of shelf life value of 4.7. Accelerated storage time was converted
to ambient storage time using a Q10 of 2.5. Thus, Film IB-OS had the longest estimated
shelf life at 92 weeks followed by Film UHB-OS at 79 weeks and then Film UHB at 53
weeks as shown in Table 4.1.1.
Table 4.1.1. Estimated shelf life for each film.
Film

Linear Relationship

R2

UHB-OS

y = -0.1847*time + 1.115

UHB
IB-OS

y = -0.2770*time + 1.220
y = -0.1673*time + 1.468

Weeks until ∆L* = -4.7

0.96

35℃
31

25℃
79

0.98
0.98

21
37

53
92

*∆L* = L0* - L*
**Q10 = 2.5

4.1.3. a*/a0*
According to Lavelli et al. (2008), a decrease in a* value for thermally processed
peach puree and nectar indicates a positive progression of color, and Garza et al. (1999)
associates an increase in a* value and decrease in b* value with increases in treatment time
and temperature (Garza, Ibarz, Pagan, & Giner, 1999; Lavelli, Pompei, & Casadei, 2008).
In terms of relative redness (a*/a0*) of the peach puree, all films showed an initial decline
over the first three weeks. Film UHB showed the largest decrease overall followed by Film
IB-OS and then Film UHB-OS. Film UHB-OS showed the lowest change overall and did
not decrease after week 2, while Film UHB and Film IB-OS were significantly lower and
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gradually decreased until week 21. Therefore, according to Lavelli et al. (2008), Film UHB
positively impacted puree appearance due to having the largest decline in a* value, which
opposes other color observations in this study.
Cyanidin 3-O-glucoside, which is an unstable anthocyanin, produces an
undesirable red hue and its degradation was correlated to an a* decrease within 3 months
of storage by Lavelli et al., (2008). Anthocyanins have been found to react with Maillard
browning products, furfural and 5-HMF, to form brown compounds. However, according
to their study, they stated it is more likely that anthocyanins reacted with fruit compounds
to form condensation products or that there was a mutual degradation reaction between AA
and anthocyanins (Lavelli, Pompei, & Casadei, 2008). Even though it was reported that an
a* decrease was beneficial, the lack of OSs in Film UHB likely allowed oxidation-related
anthocyanin degradation to further decrease the a* value compared to the OS films.
Research by González-Buesa et al. (2011), found that browning on fresh-cut pear
slices was associated with increases in a* values according to, however, Wright & Kader
(1997) found this was only consistent in one study done on peach slices (González-Buesa,
Arias, Salvador, Oria, & Ferrer-Mairal, 2011; Wright & Kader, 1997). Although,
González-Buesa et al. (2011) found the cultivar to play a significant role on a* value for
peach slices (González-Buesa, Arias, Salvador, Oria, & Ferrer-Mairal, 2011). In the present
study, an increase in a* value was not observed during browning progression and
darkening of the puree, as seen in fresh-cut peaches from the other studies, was possibly
due to enzymatic browning reactions.
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4.1.4. b*/b0*
Protection of the yellow peach flesh color is associated with a group of carotenoids
and is important as a factor of nutritional quality and consumer acceptance in the market
(Cao, Liang, Shi, Shao, Song, Bian, Chen, Yang, 2017). Regarding relative yellowness
(b*/b0*) of peach puree, all films showed an increase in the first one or two weeks followed
by a decline for the remainder of storage. Better protection from a decrease in yellowness,
or decrease in b* value, was seen in Film IB-OS closely followed by UHB-OS, which were
not significantly different at week 21, while UHB was significantly lower than both films
starting at week 5. In addition, no significant difference was seen between week 0 and 21
for Film IB-OS.
In all L*, a*, and b* values, an initial, rapid change in color was seen between
weeks 0 and 2. Week 1 showed a decrease in a*, redness, and an increase in both b* and
L*, yellowness and lightness, respectively. This observation matched findings reported by
Lavelli et al. (2008) in the first 1.5 months of storage. They stated that a decrease in a* and
increase in b* and L* corresponded to positive appearance in stored peach puree color.
This rapid change in color was then followed by a decrease, or negative appearance, in
color for b* and L*, but a continued decrease, or positive appearance, for a* in Film UHB
and IB-OS while Film UHB-OS remained constant. They reported that sometime during
the initial color change, the anthocyanin content decreased to zero with a* and L* changes
related to anthocyanin degradation having correlation coefficients of 0.96 and 0.84,
respectively (Lavelli, Pompei, & Casadei, 2008). However, a* showed an increasing trend
in half of their samples throughout storage, while during this study, a* values were stable
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or decreased slightly. In regard to the positive appearance of color when looking at the film
performance, Film IB-OS satisfied these criteria of color variation for L*, a*, and b* values
better than Film UHB-OS and Film UHB. Therefore, even though Film UHB-OS had a
lower ∆E*, Film IB-OS appeared to protect color better overall.

4.1.5. C*/C0*
Chroma (C*) compares the a* and b* values to determine the visual aspect of
having a hue that is outside of white, black, or gray characteristic (HunterLab, 2019). Low
C* indicates a low intensity color similar to gray, so an increasing or stable value for C*
would indicate a desirable trend. No statistical differences were found between the
atmospheres during each week of the study. For all films, C* results also showed an initial
increase followed by a decreasing trend occurred. Films UHB-OS and IB-OS did not show
statistical difference throughout storage, but Film UHB was significantly lower throughout
storage.
Koukounaras et al., (2008) found that a higher loss of total carotenoids resulted in
lower C* values in comparison to heat treatments on peach slices (Koukounaras,
Diamantidis, & Sfakiotakis, 2008). In addition, the decrease in lightness and C* seen over
time in this study was likely associated with browning reactions due to either phenolic
oxidation, HMF formation, or carotenoid oxidation seen during storage (Talcott, Howard,
& Brenes, 2000). Oliveira et al. (2014) also related an increase in storage time and storage
temperature on pasteurized peach puree to a decrease in C*, h, and L* values, total
carotenoid content, zeaxanthin and ß-cryptoxanthin concentrations, total antioxidant
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activity, and total phenolic content (Oliveira, Gomes, Alexandre, Almeida, & Pintado,
2014).

4.1.6. h/h0
H values change due to variations in the plane determined by a* and b* values
(Garza, Ibarz, Pagan, & Giner, 1999). The similarity of peach puree to an attribute of color
perception, such as red, green, blue, yellow, or purple, is quantitatively compared through
h (HunterLab, 2019). H has been a peach puree quality parameter consistently used by
researchers impacted by the year, cultivar, and fruit maturity of the harvested peaches
(Gonzalez, Mauromoustakos, Prokakis, & Aselage, 1992). It has also been used as a
ripeness indicator for visualizing the color of food products effectively, where a yellower
and redder peach color (b* and a* increase) is associated with a lower h (Gorny, HessPierce, & Kader, 1998).
Like other color parameters, h initially increased also due to the change in a* and
b* values followed by a slight decreasing trend. This increase in h could be attributed to
the decrease in anthocyanin content studied by Lavelli et al. (2008) and explained by the
fact that a higher anthocyanin content when the periderm is still intact results in a lower h
(Lavelli, Pompei, & Casadei, 2008; Talcott, Howard, & Brenes, 2000). Therefore, particles
of periderm that likely ended up in the puree were associated with an anthocyanin decrease,
which may explain this increased h after week 0.
Film UHB-OS remained significantly lower throughout storage, while Film UHB
and Film IB-OS were not significantly different until week 9. After which, Film IB-OS had
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the highest h until the end of storage. Even though Film UHB showed the lowest a* and
b* values, their combination resulted as a h in-between the other films. Nitrogen produced
a significantly lower h than ambient air beginning at week 2. This was likely due to
nitrogen-related anthocyanin protection from oxidation by helping keep h lower during
storage since the study by Lavelli et al. (2008) reported this change only within the first
1.5 months. Even though no significant differences were seen between atmospheres in a*
and b* values, the combined parameter h may lead to some insight. It is well known that
carotenoids provide peach flesh with a yellow color. So, carotenoid protection with
nitrogen would help the puree maintain a yellower color resulting in a h increase, but that
is not seen here. Instead, a steady decline in b* value (less yellow, more blue) with a less
significant decline in a* value (less red, more green) was observed by a slight decrease in
h over time after the initial color change, according to the ratio of b* to a* values in the
formula for h.
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Table 4.1.2. Raw data of color parameter values and change (∆) between weeks 0 and 21 for all variables.
Variable
L*
a*
Code
Week 0
Week 21
∆
Week 0
Week 21
A
54.93 ± 0.15a 52.36 ± 0.13a 2.57
19.02 ± 0.11d
17.23 ± 0.13a
C
55.06 ± 0.20a 52.09 ± 0.44a 2.97
19.21 ± 0.13bcd 17.35 ± 0.29a
B
51.85 ± 0.18c 47.07 ± 0.18d 4.78
19.53 ± 0.22a
15.55 ± 0.05c
D
52.67 ± 0.12b 48.28 ± 0.30c 4.39
19.13 ± 0.27cd
15.58 ± 0.11c
F
51.96 ± 0.14c 49.86 ± 0.13b 2.10
19.50 ± 0.18ab
16.18 ± 0.07b
E
51.91 ± 0.13c 49.84 ± 0.14b 2.07
19.35 ± 0.09abc 16.14 ± 0.12b
*Mean values ± SD. Data are shown, n=3
*Least Squares Means Student's t-Test
*Different letters within the same column indicate significant difference (p < 0.05)

∆
1.79
1.86
3.98
3.55
3.32
3.21

Week 0
50.21 ± 0.12b
51.21 ± 0.13a
49.79 ± 0.28d
50.17 ± 0.20bc
49.84 ± 0.16d
49.86 ± 0.14cd

b*
Week 21
50.10 ± 0.11ab
50.59 ± 0.54a
46.42 ± 0.13d
47.19 ± 0.29c
49.84 ± 0.13b
49.79 ± 0.18b

Table 4.1.3. Physicochemical parameter values and change (∆) between weeks 0 and 21 for all variables.
Variable
Code

SSC (°Brix)

pH

Week 0
Week 21
∆
Week 0
Week 21
∆
A
12.7 ± 0.1ab 13.2 ± 0.1c
0.5
3.88 ± 0.01a 3.85 ± 0.00a 0.03
C
12.8 ± 0.0a
13.4 ± 0.2ab
0.6
3.87 ± 0.00b 3.84 ± 0.00b 0.03
B
12.0 ± 0.2cd 13.6 ± 0.1a
1.6
3.86 ± 0.01c 3.84 ± 0.00b 0.02
D
11.7 ± 0.1d
12.4 ± 0.1d
0.7
3.87 ± 0.00b 3.85 ± 0.00a 0.02
F
12.4 ± 0.3bc 13.4 ± 0.2abc
1.0
3.87 ± 0.00b 3.85 ± 0.00a 0.02
E
12.4 ± 0.2b
13.3 ± 0.1bc
1.1
3.87 ± 0.00b 3.85 ± 0.00a 0.02
* Mean values ± SD. Data are shown, n=3
*Least Squares Means Student's t-Test
*Different letters within the same column indicate significant difference (p < 0.05)
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Browning Index
(Absorbance at 420 nm)
Week 5
0.34 ± 0.01a
0.33 ± 0.02a
0.29 ± 0.00c
0.29 ± 0.02bc
0.28 ± 0.01c
0.32 ± 0.03ab

Week 21
0.46 ± 0.06a
0.42 ± 0.03ab
0.42 ± 0.05ab
0.34 ± 0.00c
0.33 ± 0.01c
0.36 ± 0.06bc

∆
0.12
0.09
0.13
0.15
0.15
0.04

∆
0.11
0.62
3.37
2.98
0.00
0.07

∆E*
Week 21
3.13 ± 0.07d
3.57 ± 0.37cd
7.08 ± 0.52a
6.39 ± 0.58b
3.93 ± 0.10c
3.82 ± 0.17c

4.2. Evaluation of Browning Index
The development of browning was evaluated based on the spectrophotometric
absorbance at 420 nm after ethanol extraction, or browning index (BI), for the detection of
brown pigments. Further evaluation of browning intensity includes the characterization of
color, such as ∆E* and L* value to measure browning in terms of lightness (Garza, Ibarz,
Pagan, & Giner, 1999; Gorny, Hess-Pierce, & Kader, 1998; Pham, Bazmawe, Kebede,
Buvé, Hendrickx, & Van Loey, 2019). Lyu et al. (2018) studied NEB in peach juice and
suggested that 5-hydroxymethylfurfural (5-HMF) formed during Maillard browning
reactions was highly correlated between 𝐴420 values (R2=0.999) and a* values (R2=0.962)
at 37C storage. They concluded that these color parameters could be used to evaluate NEB
rather than 5-HMF quantification. They also compared the activation energies (Ea) required
to change the L*, a*, and b* values during storage and found that L* values had the lowest
Ea, causing it to change more easily due to NEB reactions (Lyu, Liu, Bi, Wu, Zhou, Ruan,
Zhao, Jiao, 2018). Since L* is directly related to overall darkening, this makes sense with
its strong relationship to NEB reactions.
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Unlike L* value results, in the browning index (BI) measurements beginning at
week 5 until week 21, no significant differences were found between the films at week 21.
Film UHB-OS was significantly lower than Film UHB during weeks 7, 13, and 17, while
Film IB-OS was not significantly different than either film throughout storage. In terms of
atmosphere, ambient air showed a significantly higher BI than nitrogen throughout storage
from week 7 to 21. Overall, there was an increasing trend in BI during storage likely from
an increase in SSC due to the hydrolysis of sucrose into fructose and glucose resulting in
the availability of these reducing sugars to participate in Maillard browning reactions
(Saura, Vegara, Martí, Valero, & Laencina 2017).

A=UHB-OS/ambient air
C=UHB-OS/nitrogen
B=UHB/ambient air
D=UHB/nitrogen
F=IB-OS/ambient air
E=IB-OS/nitrogen

Figure 4.2.1. Relative variations from week 5 to 21 at 35C between variables for
Browning Index absorbance at 420 nm.
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(i)

(ii)

Figure 4.2.2. Relative variations from week 5 to 21 at 35C between (i) films and (ii)
atmosphere exposures for Browning Index absorbance at 420 nm.
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Even though oxygen does not directly play a role in Maillard browning, oxidation
of compounds present in peaches like Vitamin C can produce HMF, and AA can
spontaneously transform to 3-deoxypentosulose and furfural under anaerobic conditions
seen in storage. These products are identical intermediates undergoing Maillard browning
and can result in browning pigment development (Lavelli, Pompei, & Casadei, 2009; Lyu,
Liu, Bi, Wu, Zhou, Ruan, Zhao, Jiao, 2018). Pham et al. (2019) studied NEB in orange
juice and reported that AA degradation and acid-catalyzed hydrolysis of sucrose into
reducing sugars, fructose and glucose, showed a high correlation to NEB reaction
intermediates, furfural and 5-hydroxymethylfurfual, with or without the presence of amino
acids during storage in agreement with the literature (Pham, Bazmawe, Kebede, Buvé,
Hendrickx, & Van Loey, 2019). Additionally, oxidized polyphenols can possess
significantly higher antioxidant capacity and be directly related to the formation of brown
melanoidins in NEB reactions seen in fruit preserves (Cropotova, Popel, Parshikova, &
Colesnicenco, 2016). Therefore, a combination of AA or Vitamin C degradation,
polyphenol oxidation, and increasing presence of reducing sugars likely progressed
browning.

4.3. Evaluation of Soluble Solids Content
The peach processing industry generally requires the minimum SSC content to be
10 Brix, so the lowest SSC contents in this study were within acceptable limits (Falguera,
Gatius, Pascual, Villar, Cubero, Ibarz, & Rufat, 2012). All variables showed an increase in
SSC during storage. This overall increase in Brix could also be attributed to the hydrolysis
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of sucrose into glucose and fructose. Saura et al. (2017) reported a rapid decline of sucrose
during storage of canned peach halves with a subsequent equimolar increase in glucose and
fructose (Saura, Vegara, Martí, Valero, & Laencina 2017). SSC increase due to dehydration
of the puree from permeation of water through the pouch film is possible but unlikely with
the WVTR properties of films in this study measured to be 0.115 g/100 in.2/day at 100%
RH. Although this possibility cannot be concluded since weight change of puree pouches
during storage was not measured in this study.

A=UHB-OS/ambient air
C=UHB-OS/nitrogen
B=UHB/ambient air
D=UHB/nitrogen
F=IB-OS/ambient air
E=IB-OS/nitrogen

Figure 4.3.1. Soluble Solids Content (Brix) variations across storage at 35C between all
variables.
Interestingly, variable B started out with the second lowest measurement at 12.0
Brix and increased to the highest SSC in the study at 13.6 Brix by week 21. Variable D
displayed a lower SSC throughout compared to all other variables possibly due to human
error during sample preparation. A difference in initial distribution ratio of the two types
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of peach puree or only one type of puree being used could have altered the SSC. An
individual sample of unpasteurized puree (item 843) was evaluated at 11.4 Brix, which is
similar but slightly lower than the 11.7 Brix tested during week 0 for variable D. So,
thermal processing could have slightly increased the SSC from 11.4 to 11.7 Brix.
Furthermore, the buckets of peach puree could have shown differences in SSC due to the
natural variation in peaches causing this observation. Another human error possibility
could have been leftover water from the kettle cleaning cycle still present when the puree
was added for this variable, thus diluting the sucrose content, although color measurements
were comparatively normal to the other variables.
In addition, Brix measurements are only accurate for pure sucrose solutions even
though it is often used to approximate sugar concentrations in food. So, the increase in
Brix seen may be due to the increase in glucose and fructose causing changes in the
refracted ray compared to pure sucrose (Nielsen, 2010). Research by Cirilli et al. (2016)
reported that SSC has been considered to be an acceptable estimate of sugar concentration,
but it can also depend on the concentrations of pectins, salts, or organic acids. Due to this
fact, reports on the correlation of SSC to sugar concentration have shown R2 values ranging
from 0.33 to 0.72. However, they concluded that SSC is a reasonable measurement for
sugar content to evaluation of peach quality (Cirilli, Bassi, & Ciacciulli, 2016). In addition,
organic acid contribution to Brix readings sometimes requires corrections for the acid
content; for example, each percent citric acid requires the addition of 0.20 Brix (Nielsen,
2010).
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4.4. Evaluation of Titratable Acidity as Malic acid content
Peach sugar content and brix-to-acid ratio (BAR) are parameters primarily used to
predict eating quality and perceived sweetness. During ripening, perceived sweetness
increases with a decrease in acidity opposed to an increase in SSC (Bassi, Mignani,
Spinardi, & Tura, 2016). According to Crisosto & Crisosto (2005), high acid peaches
ranged from 0.7 to 0.9% with low acid from 0.3 to 0.5% and increasing SSC alone drives
consumer acceptance when acidity is below 0.90%, instead of the ratio of SSC to TA
(Crisosto & Crisosto, 2005). The TA results of this study were inconclusive due to the
sensitivity of this method. In efforts to manage limited resource and materials, the method
was down-scaled and it affected the precision of the TA differences. The overall Malic acid
content among variables and time periods was 1.60  0.20%.
Conversely, an unpasteurized sample of item 843, when using a newly acquired
PAL-BX/ACID 5 Brix and acidity meter, was found to be 0.61  0.02% acid as Malic
(Atago, Tokyo, Japan). This value represents a more accurate and acceptable measurement
compared to the titration method used. The unpasteurized puree had a measured BAR of
1.87 Brix/(g malic acid L-1). High consumer acceptability finds yellow flesh ripe peaches
with at least 10% SSC and less than 0.7% titratable acidity (Cirilli, Bassi, & Ciacciulli,
2016; Crisosto & Crisosto, 2005; Minas, Tanou, & Molassiotis, 2018). Crisosto & Crisosto
(2005) concluded a consumer acceptance of 90% plateaued when low and high acid peach
cultivars contained 11% to 12% and 16% SSC values, respectively (Crisosto & Crisosto,
2005). Therefore, a minimum BAR to achieve this 90% acceptance could be 1.22 according
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to their results and 1.87 found in this study satisfies this minimum for consumer
acceptance.
A=UHB-OS/ambient air
C=UHB-OS/nitrogen
B=UHB/ambient air
D=UHB/nitrogen
F=IB-OS/ambient air
E=IB-OS/nitrogen

Figure 4.4.1. Titratable Acidity (% acid as Malic) variations across storage at 35C
between all variables.

4.5. Evaluation of pH
pH was monitored to assure that the peach puree stayed below 4.6 to verify no
microbial or other contaminates and mis-formulations occurred that may show through a
change in pH. There were minimal differences in the pH over the 21-week shelf life
between the pouch variables (± 0.02), which was within the error of the pH meter. The data
showed a slight but consistent variability between variables due to the pH meter calibration
against the coefficient of determination linear slope with a range from 3.84 to 3.90 and
mean value of 3.87  0.01 across all samples and time intervals.
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These results agree with Oliveira et al. (2015), who studied pasteurized peach puree
during storage at 10% oxygen + 90% nitrogen, 100% nitrogen, and ambient air at 4 and
23C. They found the pH to remain constant during storage at 3.9 ± 0.0, which revealed
“no potential interferences in polyphenol chemical transformations” (Oliveira, Coelho,
Alexandre, Gomes, Almeida, & Pintado, 2015).

Figure 4.5.1. pH variations across storage at 35C between all variables.
Week
Code

0

1

2

3

5

7

9

13

17

21

A

3.88a 3.87a

3.87a

3.89a

3.89a

3.89a

3.90a

3.89a

3.88a

3.85a

C

3.87b 3.84d

3.84d

3.86c

3.87c

3.86d

3.89b

3.86c

3.86b

3.84b

B

3.86c 3.85c

3.84d

3.86c

3.87bc 3.87cd

3.89ab 3.87bc 3.86b

3.84b

D

3.87b 3.85bc 3.84cd 3.87bc 3.87c

3.87bc

3.89b

3.85a

F

3.87b 3.85bc 3.85bc 3.87b

3.87bcd 3.89b

3.87c

3.88b

3.87b

3.87bc 3.87ab 3.85a

3.87b 3.85b 3.85b 3.87bc 3.88b 3.88b
3.89b 3.87bc 3.86b
E
*Only mean values are shown in this table (SD. Data= 0.00 for all means), n=3
*Least Squares Means Student's t-Test
*Different letters within the same column indicate significant difference (p < 0.05)
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3.85a
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CHAPTER FIVE
CONCLUSION
In this study, color was used as an indication of shelf life quality, especially when
measured with ∆E* and L*. Overall, pouch films had the largest effect on the shelf life
quality of the peach puree, while the modified atmosphere (MA) had a significant effect in
the first 5 weeks. When comparing film and atmosphere, it should be expected that MAP
only serves its function for a portion of the shelf life of a food product before the
permeation properties of the films becomes a critical factor as well as the imminent
depletion of the capacity of the OSs due to oxygen saturation. Plastics are permeable and
equilibriums will eventually be met, in nature. As seen with ∆E*, 7 weeks into accelerated
storage was a turning point where the protective and beneficial effect of nitrogen likely
wore off. Statistically overall, nitrogen appeared to protect color degradation and perform
better than ambient air when looking at ∆E*, h, and BI, while in all other color parameters
no significant differences were found between atmospheres. By the end of storage, Film
UHB showed the most color change and darkening. The difference in performance of films
with OSs compared to the film without indicates that the color degradation during storage
were driven by oxygen-related reactions. Thus, Film UHB-OS and IB-OS more effectively
prevented these reactions among the three films due to their presence of OSs.
Overall, color results found that Film IB-OS better protected lightness (L* value)
and yellowness (b* value) until week 21, while Film UHB-OS showed the lowest total
color difference (∆E*). At week 21, Film UHB-OS showed less total color change (∆E*)
even though the slope of Film IB-OS going into week 21 was lower than Film UHB-OS.
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Film UHB-OS and Film IB-OS performed similarly in terms of C* and b* at the end of
storage. Generally, Film UHB protected peach puree color quality less than the OS films
except in terms of a* and h, which did not follow other trends in this study because,
although a lower a* value improves appearance, it is likely associated with increased
oxidation of anthocyanins. Similarly, the h calculation is dependent upon a* value.
Additionally, increasing trends of SSC and BI were observed and possibly interrelated due
to suggested sucrose hydrolysis contributing reducing sugars for browning and increase in
SSC. With the learnings obtained from this study, the importance of OSs have been
validated and relative roles of MA conditions determined.
To improve on the learning and commercial application, future studies should
include either more samples to extend the storage out longer or further spaced testing
periods from the beginning of storage. More conclusive results on when the end of shelf
life was reached would be of high importance for the next study, which could be
accomplished through qualitative sensory testing compared to quantitative color
measurements, such as ∆E*. Also, a measurement of ascorbic acid throughout storage
could have helped quantitatively determine the extent of exposure to oxygen and oxidation
seen by the peach puree samples to further evaluate film and atmosphere performance.

91

